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SKETCH OF THE LIFE AND WORK OF THE LATE 
DR. A. R. C. SELWYN, C. M. C, LL. D., F. R. S., 
F. G. S., ETC., DIRECTOR OF THE GEO- 
LOGICAL SURVEY OF CANADA 
FROM 1869 TO 1894. 

Bj H. M. Ami of the Geological Survey of Canada. 
WITH PORTRAIT. PLATE I. 

Dr. A. R. C. Selwyn, C.M.G., LL.D., F.R.S., F.G.S., for 
twenty -five years the eminent Director of the Geological Sur- 
vey of Canada, (1869-1894) and one of the original Fellows 
of the Roval Society of Canada, died in Vancouver, British 
Columbia.- on Sunday, the 19th day of October, 1902, the re- 
sult of a stroke of paralysis. 

His death was not altogether unexpected, but it removes 
from our midst one of the most energetic and active personal- 
ities in the field of geological work and science in North Amer- 
ica, Selwyn did much to advance the practical or economic side 
as well as the highest and fundamental principles on which ge- 
ology is based. His coming to America marks an era in the prog- 
ress of geological thought and investigation inasmuch as he 
brought with him the practical experience of nearly thirty 
years of work on the geological surveys of Great Britain and 
Australia, more especially in the early Palaeozoics and the ig- 
neous masses around which so many minerals of economic 
value occur, the nature of which he emphasized strongly, and 
to which he was one of the first to draw special attention 
and to interpret in their right light. During all the years that 
he spent in Canada he was diligent in mapping or having 
maj)pe(l the volcanic rocks of the various regions examined. 
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It is interesting to jjole. trhctt Prin. Dresser's* paper givii 
the result of hjs^^jtUflies on the petrography of the Easte 
Townships^ of*.* tbd 'province of Quebec, issued just at t 
time of -Pr/. Sel wyn's death, confirms in a marked degree t 
anticfindHheory of the structure of the Sutton mountain ai 
. •pthqr'-volcanic belts of that part of Canada. 
.\ •/ *He was the son of the late reverend Townsend Selwy 
• canon of Gloucester cathedral, by his wife, Charlotte Sophi 
daughter of Lord George Murray, bishop of St. David's, a 
grand-daughter of John the fourth duke of Athol. ^r 

He was bom at Kilmington, Somersetshire, England, < > 
the 28th day of July 1828. 31 

His studies were carried on, first at home under priva ^ 
tutors, and later he completed his education in Switzerlan 01 
At the early age of twenty-one (1845) he was appoints 
to a position on the Geological Survey of Great Britain und 
Sir Henry de la Beche. His earliest work on the British su 
vey was under the immediate supervision of no less disti 
guished a geologist than A. C. Ramsay. He was one of th 
contingent of stratigraphical geologists under Ramsay wl 
did so much to lay down the fundamental and carefully traa q 
lines separating the various geological formations in that wa 2 
derful compendium of geology that England has proved to b 
all in a nutshell. The others on the staflF with Selwyn we 
VV. T. Aveline, Trevor E. James, D. H. Williams, H. W. Bri 
tow, and W. H. Baily. Edward Forl)es was the palaeontoli 
gist, W. W. Smythe, the mining geologist, Sir Josej 
Hooker was the botanist, Dr. Lyon (later Sir Lyon) Playfui 
the chemist : while Richard Phillips was in charge of tl 
laboratory and museum : with Robert Hunt as keeper of tl 
mining records. Mr. C. R. Bone was employed as artist ar, 
C. P. Gibbs as collector of fossils. 

Under chiefs like Sir Henrv de la Beche and A. C. Ran 
say, Selwyn made rapid strides in the science of geology fc 
which he had acquired a taste during his stay in Switzerlan 
He remained attached to the Geological Survey of Gre 
Britain until 1852 and devoted his energies to chicidating ai 
mapping the difficult and intricate structure of the Palaeozoi 
of North Wales and adjacent portions of western Kn^land. 

• A pctrograpbicnl contribut'on to the Geology of tlic eastern t<i\vnshi 
of the Province of Quebec." Amer. four. Set., 4-th scries, vol. xiii. No. 70. | 
43-4-8. Julv, 1902. New Haven. 
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Sketch of Dr, A, R. C, Selwyn. — Ami. 3 

He is credited with no less than sixteen geological maps 
prepared either entirely by himself, or, in conjunction with, 
his chief, Sir A. C. Ramsay, or the Director-General himself, 
or again, with such well-known men on the geological staff 
as Ed. Hull, W. T. Aveline, W. W. Smythe, J. Phillips, H. 
B. Howell and his particular friend and colleague J. B. Jukes. 

The geological sheets or maps of Leominster, Montgomery, 
Market Drayton, Harlech, Banger, Bardsey and Machynlleth 
are ascribed in part or in whole to the subject of this brief 
sketch. 

It was during his field work in Wales that Selwyn dis- 
covered the unconformity between the lowest Cambrian and 
the older series of schists underneath. In this classic country 
of the Welsh succession, Selwyn and Ramsay worked together 
and of one of those '^Councils'' on the Shropshire sheets the 
latter wrote at the time in his field note-book : — ^"Held a coun- 
cil with Selwyn on the Shropshire sheets, etc. his work there 
and here (North Wales) is the perfection of beauty." "One of 
the most striking sections of the whole series of sections pub- 
lished by the Geological Survey," writes Sir Archibald Geikie 
later, ''runs from the top of Snowdon parallel with the Llan- 
beris valley to the Menai straits at Llanfair, whence it was 
afterwards continued across Anglesey. On the other side it 
was prolonged south-eastwards into the country mapped by 
Selwyn, and was carried by him into Merionethshire, across 
Cynicht, Moel Wyn and Aran Moddwy, and was continued by 
Aveline across Montgomeryshire." Sir Archibald adds: — 
"The geological structure is portrayed by Ramsay and Selwyn 
with a boldness and vigour, and at the same time with an 
artistic feeling, which had hardly been equalled in geological 
section-drawing." 

In 1845 Selwyn worked out the complicated geology of the 
volcanic distric of Cader Idris in North Wales: the summer 
of 1846 he was engaged in mapping out the rock formations 
in the Dol^elly region, whilst Aveline was tracing the boun- 
daries of the Silurian series from Llanbrynmair eastward to 
the Church Strctton and the Longmynd. Ramsay accompan- 
ied Sel\v\ 11 and records : — "Glorious days and glorious scen- 
ery, out with Selwyn along the front of the Cader Cliffs." 
He acld^ : — "Selwyn's work good." Testimonv fro-n such 
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a high source must have been ven* gratifying to young Sel- 
wyn who rose step by step and advanced in favour amongst 
his colleagues and superiors. 

In August 1847 his work lay in the direction of Festiniog 
in which he was associated with Ramsay, Playfair, Jukes and 
Gibbs. This difficult region offered many problems of eco- 
nomic as well as of geological interest and the careful results 
obtained were discussed on the ground and incorporated in 
the classic maps since prepared. The same year Sehvyn was 
at Capel Curig, Jukes was transferred to the South Stratford- 
shire coalfield and in writing to Ramsay of Sclwyn's work 
Jukes says: — **It so happens that the last time I saw Selwyn, 
we were mutually wishing that you would send us both into 
Stratfordshire together." After leaving Wales however the 
subject of tliis sketch carried on his investigations in portions 
of Shropshire as far north as the Triassic outline of Frees. 

The friendship that had arisen between Jukes and Selwyn 
in their joint work in Wales grew as years went on ; and in 
1848 they conmiunicated a paper to the Geological Society of 
LoncUm giving the results of their investigations in Xorth 
Walcs.-^' 

This friendship was kept well alive during all the years 
Dr. Sehvyn was director of the Canadian Geological Survey, 
as many of his colleagues of those years can testify, for, when- 
ever difficult points in the stratigraphy and pakeontology of 
different i)ortions of Canada arose and were discussed in a 
forceful and masterly but always courteous and gentlemanly 
manner, he was wont to (juote the words of his friend Jukes 
as follows: — **As my friend Jukes always said, *If the palae- 
ontology docs not agree with the stratigraphy, so much the 
worse f^T the f<issils.' " 

In 1848 Selwyn\s work took him in the IVort Madoc and 
Dolgelly districts of Xorth Wales. There he and Ramsay pur- 
sued their work amid the glorious scenery surrounding the 
heiglit> of Snowdon and the magnificent and lu'deckerl view- 
prnnts of the foot ranges. In October of that year cnnsidor- 
able discussirm arose regarding the structure and succession 
at Cilaslyn, and thither Sir Henry de la j'leche. Kdwanl 

• A. K. Ski.WVN nnd J. B. Jt'KKS. "Sketch of the sirncturt' ot the rouiitry 
extcnclinK fr<>"» Cadcr Idris t^^/MocI SiaboM. Nurtli Waks." (Jii/irtcrlv J(>tiri::tl, 
Geolof^icnl Society. London, vol. vi, pji. 3u()--5n2 is4s. 
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Sketch of Dr, A. R, C. Selwyn, — Ami. 5 

Forbes and also Ramsay went, to determine if possible the 
points in question and to settle them on the spot. Selwyn was 
at work on the side of Crib-goch, on the top of a crag, and 
his well-known shrill shout soon reached Ramsay who discov- 
ered him, and later in the day they all joined forces and com- 
pared notes and finally put matters straight at Glaslyn. 

Many a knotty problem in Cambrian geology was discuss- 
ed by these masters of geolog>' in the lovely vale of Beddgel- 
ert where Selwyn was located, or at Llanberis which Ramsay 
and Forbes made their headquarters. In 1849 Selwyn com- 
pleted the survey of the rock formations lying between the 
Snowdon range on the north and Ffestiniog and Tremadoc 
on the south, and turned his attention to the Lleyn peninsula 
from Pylheli. At Aber, and as late as December of the 
same year, Ramsay and Jukes joined Selwyn and had a very 
pleasant meeting. The following spring saw the same trio at 
Merchlyn in North Wales, where many conferences were 
held on critical points touching sundr}' lines to be drawn as 
boundaries between different geological formations. 

Selwyn was an alpinist or mountain climber of no mean 
order. From the experience gained when in the Swiss Alps 
it was a pleasure and no effort for him to climb the peaks and 
scale the heights of the Snowdon range, not to speak of the 
numerous crag^ of the region surrounding the same which he 
traversed in his geological explorations. Later in life, in the 
Mount Serle region of South Australia, and in the district 
surrounding mount Alexander as well as in the Canadian 
Rockies he was a most intrepid climber. Ramsay states that he 
was "out on the hills with Selwyn, one day (4th of May 1850) 
as far as the cliffs under Carned Llewelyn and down by Mel- 
ynllyn and Llyndulyn.'* Besides good work done on that day 
"Selwyn executed a most perilous feat of cliff-climbing: a 
slip and he would have been slain." Later while in Canada 
and during the Rocky mountain excursion in connection with 
the meeting of the British Association for the Advancement 
of Science in 1884, Dr. Selwyn had a most narrow escape for 
his life at the mouth of the tunnel near the base of mount 
Stephen. His keen eye detected the loosening mass of lime- 
stone alxDve ; his agility and wonderful presence of mind led 
him to jump on adjoining timbers thus saving his life on 
this occasion. 
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In the closing months of 1850, after completing the North 
Wales sections and maps and putting on the final touches in 
conjunction with Sir Andrew Ramsay, Selw\Ti was entrust- 
ed with field work in Anglesey where they crossed and car- 
ried on the work begun by Sir Henr\' de la Beche. It was in 
Anglesey that Selwrv'n detected the unconformity of the lowest 
Cambrian strata upon an older Pre- Cambrian series of schists. 
In this view Sir Henry supported Selwyn, but Ramsay on this 
occasion differed, so that when the map was published no Pre- 
Cambrian rocks were shown. In the following year (1851) 
Selwyn was back at Dolgelly, checking a number of points and 
investigating critical parts of the complex geological structure. 

Selwyn was of a bright and cheery disposition and be- 
sides the happy re-unions held in London on the part of the 
'*Roval Hammerers" as thev stvled themselves, Ramsav, Sel- 
w\'n, Aveline, Jukes and other geologists of Wales along 
with their contemporaries, the annual dinners of the Survey 
were events in which a jolly time was spent : Ramsay in re- 
cording Selwyn's presence at the dinner held 15 January, 
185J says : **And Oh ! wasn't it a jolly dinner !" 

In 1852 before completing the whole task of mapping the 
regions examined by him in England and Wales, Selwyn took 
unto himself a wife, as had also many of his colleagues, mar- 
rying Matilda Charlotte, daughter of the Rev. Edward Sel- 
wyn, rector of Hemmington Abbotts, Hunts, and in the fol- 
lowing year he was appointed by the Colonial Office (H rector 
of the geological survey in the newly fonned colony of Vic- 
toria, Australia, which had come into great prominence ow- 
ing to its wonderful goldfields. 

His training in the older Palaeozoics or Camljrian rocks 
of Wales was of special value to him in the new colony, and 
accordingly he set himself to the task of mapping out the gold 
bearing rocks and auriferous gravels of different ages, and in 
tracing their relations to other rocks of the district. 

Here he had a field of work nearly twelve times greater 
than he had in Wales : Victoria, the smallest of the Australian 
Colonies, having an area of 87,884 square miles, whilst Wales 
has a total area of 7,378 square miles only. 

In Australia Selwyn was ably assisted by Messrs. C. S. 
Wilkinson, H. Y. L. Brown, C. B. Brown, Robert Etheridge, 
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Jr., and other geologists. Besides an extensive series of geo- 
logically coloured maps of Victoria, and official reports, Sel- 
w\*n prepared the following reports and papers bearing more 
especially upon the economic resources of Australasia: 

**On the Geology and Mineralogy of Mount Alexander and the ad- 
jacent country lying between the rivers Loddon and Campaspe." Quart, 
Jour. Geol Soc, Vol. X, pp, 298-303. (1854), London. 

"Report on the Geological Relations of some of the Coal seams of 
Van Diemen's Land, their probable extent, and relative economic 
value." Van Diemen's Land Royal Society Papers, III, pp. 116-141, 

1855-1859- 

"On the Geology of the Goldfields of Victoria." Quart. Jbur, 
Geol. Soc, Vol. XIV, pp. 533-3^, London, 1858. and Geologist, Vol. L 
pp. 163-4. 1858. 

"Notes on the Geology of Victoria." Quart. Jour. Geo!. Soc, Vol. 
XVI. pp. 145-50. i860. 

Geological Notes of a journey in Australia from Cape Jervis to 
Mt. Serle." Proc. Gcogr. Soc, Vol. V, pp. ^4^-44. 1861. 

"Report on the Auriferous Drifts and Quartz-reefs of Victoria: 
observations as to the probable age of the Lower Gold Drifts," Publish- 
ed in Victoria. Australia, May 4th, 1866. Reprinted in the Geological 
Magazine, Vol. Ill, pp. 457-459. London, Eng., 1866. 

While in Victoria he added much to the knowledge of the 
gold-bearing rocks of that colony and also aided in tracing 
the relation of the Miocene Tertiary strata so rich in Eocene 
Mollusca. 

Among the interesting collections made by Dr. Selwyn in 
Victoria may be mentioned that now deposited in the museum 
of the Geological Society of London, Burlington House, con- 
sisting of Tertiary shells from the Murray river. He was con- 
tinuously engaged as director of the Geological Survey of 
Victoria from 1852 to 1869, a period of nearly seventeen years, 
and he resigned when the legislature refused to vote the ne- 
cessary^ funds to carry on the work. 

Sckvyn's Work in Canada. 

It was on the first of December, 1869, ^^^^ Selwyn took 
' charge of the Geological Survey of Canada, which had from 
its inception in 1842 been carried on by Sir W. E. Logan. 
Selwyn had arrived in Canada in October of the same year; 
and vigorously set himself to the task of studying and revis- 
ing the reports that had been received from the various assist- 
ants who included the following well-known Canadian geolo- 
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gists: Sir Wm. E. Logan, Edward Hartley, T. Sterry Hunt, 
Robert Bell, James Rich;ardson, Charles Robb, and H. G. 
Vennor. Besides the above, Robert Barlow, Esquire, and his 
son Scott Barlow, had charge of the topographical and carto- 
graphical part of the survey, whilst Elkanah Billings was pa- 
laeontologist, with Messrs. Horace Smith and Thomas C. Wes- 
ton as assistants, one an artist, the other in charge of museum 
work etc. 

When Selwyn became director of the Geological Survey of 
Canada and deputy head of the same, the confederation of 
some of the British American provinces had only just been ef- 
fected, and accordingly there was now open a much wider 
field of investigation than formerly. As one after another the 
different provinces and districts became part and parcel of the 
Dominion of Canada the work increased accordingly, and 
to such an extent that the staff of geologists and assistants had 
to be materially increased ; and men had to be trained to pursue 
the good work of the old regime. 

This period was one of great activity in the Canadian sur- 
vey. The first copies of Logan's large ''Map of the Geology 
of Canada and adjacent parts of the United States'' prepared 
for the engraver by Robert Barlow, were received during the 
first month of Selwyn's administration from Edward Stan- 
ford, the publisher, Charing Cross, London. 

As an instance of the remarkable activity and energy dis- 
played by the second director of the Geological Survey of Can- 
ada at the outset of his career in Canada, it may be remarked 
that he not only proposed to the Hon. Joseph Howe the various 
points noted above but also j)rcscnted the annual "Summary" 
report of the geological investigation made by the staff the 
previous year. 

He further impressed upon the government the advisability 
of placing a special api)ropriation in the estimates of the 
year for the distribution of Logan's large map just received, 
submitting at the same time a list of public and educational 
institutions, libraries, etc.. where the said maj) would do a 
great deal of good to Canada. 

In 1870 he investigated the gold-fields of Nova Scotia 
and prepared an important report giving the result of his work 
there. (See ''Report of Progress, Geol. Surv: Canada, 1870- 
71 »' PP- 352-82, Ottawa, 1870.) 
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In the following year, under special instruction from the 
Hon. Joseph Howe, he undertook an exploration in the re- 
mote province of British Columbia "On and in proximity to 
the several lines which will be explained by the engineering 
parties *(of which Mr. Fleming, now Sir Sandford Fleming 
was engineer in chief,)' and on one or the other of which the 
future Pacific railroad will be located." In the "Report of Pro- 
gress" for 1871-72, is given an account of the results achieved 
during these explorations. The route selected by Selwyn took 
him from Hope on the Fraser via Fort Colville, the Kootenay 
river and the Columbia to Howse's pass, and afforded facilities 
for returning later by wagon-road 378 miles, from Cariboo 
to Yale. Not only the occurrence of coal-fields, gold-fields and 
other miner.als of economic value, but the timber, soil, water- 
power, agricultural and numerous other features of special 
value and interest were also recorded, together with a system- 
atic description of the various geological formations met with 
and their relations one to the other in the series from the oldest 
up. 

Then in 1872 we find him journeying from lake Superior 
to Fort Garry, (now Winnipeg) and in the "Report of Prog- 
ress" for 1872-73 we find no less than three special reports, 
on the silver mining localities on Thunder bay, on the geo- 
logical investigations from Lake Superior to Fort Garr}- and 
on the Acadia iron-ore deposits. In the following "Report of 
Progress" he gives the result of his observations on the geo- 
logical exploration in the North West Territories from Fort 
Garry to Rocky Mountain House, (loc, cit. pp. 17-62.) 

In the following year Dr. Selwyn remained for the most 
part of the year in the office, attending to the numerous and 
onerous (kities incunil3ent upon him and preparing for 
the work imposed upon him in connection with the Canadian 
exhibit at the Philadelphia ^'Centennial Exhibition" of 1876. 
In the "Report of Progress" for 1875-76 pp. 28-31, he gives 
the summary of personal explorations in British Columbia, 
and on pp. 31-69 presents his "Journal of the expedition 
through the Peace River pass." On pp. 292-93 he adds an 
important note on a boring made in 1875 ^^^ Swan river in the 
Territory now within the province of Manitoba. He also 
prepared a map of the region from Quesnel, British Columbia, 
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to the Junction of the Peace and Smoky rivers. In 1876-77 
(Report of Progress for those years) "Notes on the Quebec 
Group" appear, a subject to which he gave considerable at- 
tention, and in which he did much to separate from that series 
those rock formations which were of volcanic origin. In the 
report of 1877-78 pp. 1-15, further notes are given "On the 
stratigraphy of the Qucljec Group" (of Logan) and older 
crystalline rocks of Canada. This is said to be one of the best 
attempts of systematic classification of the most ancient and 
difficult rock masses ever made. The following years report 
(1878-79) Selwyn's work in the Kastern Townships and other 
portions of Quebec is given, and a ''N'ote on the origin of gran- 
ite treated as nictaniorphose<l strata, not intrusions" occurs in 
the Report of Progress for 1879-80, p]>. 5-6. The same report 
contains aho an accoiuit of Imring operations in the Souris 
River valley of the Manitoba (pp. i-i i.A). On pp. 51-55A the 
fofsil plants collected by Dr. A. R. C. Sehvyn at Roche Pcrcee 
and determined by Sir J. \V. Dawson are recorded and de- 
scribed. His work on the Lake Superior region during the 
year 1882 is embwiied in the report for 1880-82. pp. 16-17, '<^- 
gctiier wilh a rep()rt on an exploration in Manitoba during the 
same year on the White Mud and Souris rivers. 

"On the Geological nomenclature and colouring and no- 
tations of maps" fonns the topic of an important contribution 
from his pen. pp. 47-51 of the "Report of Progress," for 1888. 
followe<l l)y additional notes on the geology of the soiUheast- 
ern portion of Quebec, pp. 1-7A; and followTjd later in the re- 
port by a note on the accuracy of the plan of tlie mouth of the 
Moose river surveyed by R. liell in 1883-84. besides a sum- 
mary of the work of Selwyn during 1883 on lake Su])erior. in 
the Souris Coal district, in .Assinilmia and in the Cascade Coal 
basin of British Columbia. 

SeUnn leaves K'hind him a career full of usefulness to the 
Empire. His work was truly of an imperial nature, for it 
extended not only into various portions of Great Britain but 
also to the distant colonies of the mother country, to the "Isl- 
and Continent" of Australia and tn tin- Dominion of Canada. 
for nearly eight years (1845-521 he laboured diligently in 
England and Wales, for seventeen ycara (t652't869) he car- 
ried on geological investigations in Vi* 
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five years additional in Canada thus completing in December, 
1894, half a century of active geological work. He was not 
a voluminous writer for publication, but he was an excellent 
letter writer. He never spared himself in attending to the nu- 
merous letters which the correspondence branch of the Geo- 
logical Survey entailed. He did much! to give the depart- 
ment the good name it has acquired, and for which it has been 
so favorably known as a bureau of exact information on 
a thousand and one things of special interest and value to pros- 
pectors and investors in all the provinces of the Dominion, as 
well as in some of the remotest corners of our country. 

There is little doubt that the state of efficiencv of the Can- 
adian survey grew apace under Selwyn. Having had for 
many years closely associated with him as chief advisor and 
assistant the late and lamented Dr. George M. Dawson, Sel- 
wyn led the ship through thick and thin most successfully. It 
cannot be denied that it was under Dr. Selwyn's administra- 
tion that the survey reached the hight of its success in carry- 
ing out the objects and aims for which it was instituted. 

Nevertheless, it must not be understood that there were no 
difficulties to overcome, or swords to cross in the long period 
during which he was director. 

Selwyn's aim from the start was to make the Geological 
Survey of Canada, an eminently practical Department, in 
which the records of mines and mineral statistics would be 
kept for the use and information of Parliament and the public. 
Accordingly, it is with satisfaction that we find him in the 
second month of his term of office (January 1870) busily en- 
gaged in organizing a branch of the geological survey for the 
purpose of collecting in a systematic way "Records of Mines 
and of Mining statistics of the production and consumption 
of Minerals in the Dominion." The decision he arrived at 
was published in the official "Canada Gazette" and Messrs. 
Edward Hartley and Prof. Rol>ert Bell were requested to 
undertake the collection and arrangement of the returns made 
from year to year. The inadequacy of the buildings then 
at the disposal of the survey was a point on which Dr. Selwyn 
repeatedly dwelt, and a larger amount of the space necessary 
to the proper illustration and exhibition of the mineral re- 
sources and industries of the different provinces was repeated- 
ly urged by him. 
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His first "Report" is addressed to the Hon, Joseph Howe, 
M.P., Secretary of State for the provinces, and in it Dr. Sel- 
wyn points out the practicability of the establishment of a 
School of Mines in connection with the Geolc^cal Survey. 

The following passage taken from Dr. Selwyn's inaugural 
address as president of the section of geological and biolog- 
■cal sciences, of the Royal Society of Canada, de'ivered May 
the 25th, 1882, gives an excellent idea of a high-minded spirit. 
and love of the science to which he was devoting his life and 
energies. In dealing \dth general scientific work in new coun- 
tries and the constant "struggle for life" which scientists have 
to encounter, he writes : — "In spite, however, of these difficult- 
ies Canadian geologifts have succeeded in attaining and hold- 
ing recognized and highly honorable positions in the scientific 
world. It is needless to dwell on the history anil details of the 
struggle which has achieved this result and in which you all, 
with others now no more, have nobly shared. It behooves us, 
however, and especially the younger members of the corps, to 
remember that the fight is not ended, that, as in the past, so in 
the future, the struggle will have to be maintained. But if 
this society so auspiciously inaugurated, effects that much 
needed concentration, and consolidation of the efforts of the 
hitherto scattered combatants, uniting them in one solid phal- 
anx, we may feel assured that the struggle of the future will 
be a far less arduous one than the struggle of the past. More 
especially will this be so if wc never for a moment forget that 
the only object of scientific inquiry- is truth. That the soul and 
life of this search in which we are all engaged consists in the 
fresh interchange of thoughts and the love of full and com- 
plete investigation, with fair and open discussion, unbiassed 
, by and irrespective of all personal considerations and based 
not on theory but on carefully observed and honestly stated 
facts. Such evidence, treated in the spirit I have indicated, 
certainly will lead us to the truth, but we must always guard 
against confounding it, as has so often been done, with ingen- 
ious theory and dogmatic assertion, because these, liowever 
clever or eloquently supporicd they may be, arc almost cer- 
tain to lead us in a direction the very opposite to that in which 
it should be our aim to travel. For similar reasons p;iriiz; 
ship, however conimcudablc and tieccssM|h^Ml|Uoliticat 
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arena, should never be admitted to the domain of science. 
Bearing these principles in mind, and above all that unity is 
strength, I trust that the members of the geological section of 
the Canadian Royal Society will henceforth be brethren of 
the hammer not in name only but in very act and deed; that 
they will at all times cordially co-operate with and assist each 
other in friendly emulation in the work they have in hand, that 
of elucidating the geological history, physical and biological, 
of this great country in which the harvest, waiting to be 
gathered from the rocks, is so abundant but unfortunately the 
labourers as yet so few." 

First and foremost Selwyn was a stratigrapical geologist 
and an able one. He was a firm believer in the field character 
exhibited by the various series of sedimentary strata in the 
succession of geological formations in the earth's crust and 
also by the volcanic materials. 

He had a special attraction in the regions where the geolog- 
ical structure was complex and more especially was this the 
case as regards the eastern townships of Quebec, for, not only 
during his twenty-five years of office did he take an active part 
in the examination and elucidation of one of the most difficult 
and perplexing problems in geolog}' and in the discussions at- 
tending the same, but even after his retirement he was wont 
to come back to the surv^ev and to the other members of the 
staff would present his views in that bold and vigorous man- 
ner so characteristic of him. The volcanics of the eastern 
townships and their associated formations afforded an ex- 
tensive field for discussion of the highest order. The results 
of his own field-work led him to interpret the geological stnic- 
ture of that portion of Canada in a manner hitherto unkno\NTi 
on this continent. In the Lake Superior region likewise Dr. 
Selw)m delighted in carrying on geological investigations 
whenever the duties of office would permit him to leave the 
desk for the field. 

His keen interest in the ''Quebec Group controversy" in 
which Logan, Billings. Hunt, Emmons, Sir Wm. Dawson, 
Hall, Walcott, Ford, Marcou and many others took a promin- 
ent part, was ever kept active by the fires arising in the dis- 
cussion of the numerous knotty points in connection therew'th. 
Selwjni's interpretation of the geological structure of the so- 
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called "Unfossiliferous Quebec Group" seemed a revelation to 
practical geologists and gave the key to the solution of at least 
<Mie important side of the controversy, and he thus materially 
contributed to the advancement of our knowledge of that intri- 
cate field by separating the volcanic belts ; and recognized the 
anticline structure which they exhibit in contradistinction to 
the synclinal which the ranges were for many years supposed 
to present. 

Like his predecessor in office Dr. Selwyn was always a. 
strong supporter of the Geological Survey Museum not only 
as an important factor in the interests of the country, but also 
as an educator. The wisdom of moving from Montreal to 
Ottawa during his term of office was very soon demonstrated 
in the nimibers who registered and came to it from day to day. 
The inadequacy of the building and its total unfitness not only 
for geological work pertaining to the department, but also for 
exhibition purposes, were time and again emphasized by him 
and it is no doubt owing to his determination and energy in the 
direction of preparing plans for a national museum that prac- 
tical steps have been taken towards the erection of a building 
worthy of the country. 

In 1884 a committee of the House of Commons was ap- 
pointed to investigate the work of the Geological Survey of 
Canada. The evidence of personal animus displayed by Sel- 
W3*n's antagonists in the process of the investigation con- 
trasted with the excellent work that was being done by the 
Geological Survey in past years and at the time of the investi- 
gation led the government to further strengthen the hands 
of tiie director and recommended the establishment of a divis- 
ion of mines and mineral statistics, much in the lines laid dovm 
by Dr. Selwyn liimself in 1870, but which for reasons not stat- 
ed had not been effectively carried out as expected. 

Schi'yn inlet in the Queen Charlotte islands. 

Sehvyn lake, Carr River, Ontario. 

Sekiyn river, Cranberry River, British Cohmihia, which 
enters the Fraser river below Tete Jaune cache, aie names o! 
places called after the subject of this skxtf^ and serve to per- 
petuate his name in the geography of^d^ country where hi& 
activities kept him for a quai 
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Selwyn received many honors in his day. Besides occupy- 
ing various official and responsible positions appertaining to 
his office as head of the Geological Survey of Canada in the 
different international exhibitions which entailed a great deal 
of executive ability and work, he was created a C. M. G. (com- 
panion of the Order of St. Michael and St. George) by Her 
Most Gracious Majesty Queen Victoria, who conferred the 
honor upon him in person, Selwyn having been summoned to 
appear at Windsor Castle during the summer of 1886. He 
was elected a fellow of the Royal Society of England, was 
one of the original fellows of the Royal Society of Canada, 
founded by the marquis of Lome, now the duke of Argyle, 
and was elected to the presidency of that society in 1896. 

He also received the medal of the "Acclimatization So- 
ciety" of Melbourne, Australia, in 1881. He received the de- 
gree of doctor of laws (LL.D.) for his distinguished services 
in the field of geolog>' and was president of the Natural His- 
tory Society of Montreal in the days when the Canadian Sur- 
vey was located in that city. 

In preparing this account of the life and work of our late 
lamented ''chief, the writer desires to acknowledge his in- 
debtedness to Dr. Henry Woodward, F.R.S., etc. for his able 
article on Dr. Selwyn published in the February number of 
the Geological Magazine for 1899 as one of a series of or- 
iginal articles on **Eminent living Geologists." He quoted 
largely from this source: also from the list of publications is- 
sued by the Royal Societies of England and Canada, and from 
X. H. Darton's valuable '"Index" of publications on the geol- 
og}- of North America, and to Monsieur Michel Mourlon's 
**Bibliographia Geologica." 

In the office Sel\v\'n was a strict disciplinarian. He loved 
order and system as well as courtesy and deference due to su- 
perior officers, such as is the custom in the old world. Neat- 
ness seemed to be one of his leading characteristics, and in the 
reports and work that he received from the staff he expected 
the same. The more stern and severe official side of his nature 
was in marked contrast with the sociable, amiable and chival- 
rous which characterized him in his own home; in private 
and in public gatherings he always strove and appeared to 
advantage. 
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He was tall and graceful, quick and alert, of a rather high- 
strung and nervous disposition, with a keen and observant eye. 
capable of grasping the situation at a glance in any emergency 
He was economical in his habits; and whilst he was not one 
of those who bestowed many encomiums nevertheless he duly 
appreciated work of high order. 

Selwyn was an English scholar of rare ability. His writ- 
ings both published and private are masterpieces of English 
composition, and the time and care that he bestowed upon the 
various reports and drafts of reports sent in for publication 
not only added to their value and elegance, but also to the 
labour devolved upon him; which work might well have been 
in part entrusted to an editorial staff had the appropriations 
allowed. 

Amongst his chief works may be mentioned : — "The Do- 
minion of Canada and Newfoundland" being Chapter IT of 
Edward Sandford's "Compendium of Geography and Travel." 
a work after Hellwald's "Die Erde und ihre Vnlker" published 
in 1883; "Descriptive Sketch of the Geography and Geology 
of the Dominion of Canada to accompany the Wall Map of the 
Geology of Canada," No. 411, in 1884; Notes and Observa- 
tions in the Goldfields of Quebec and Nova Scotia. Rep. 
I'rog., Geol. Surv. Can., 1870-71. Montreal, 1872. 
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ada and notes on a stratigraphical collection of rocks, 152 pages, Mont- 
real, 1876. 

1877. 
Report on exploration in British Columbia in 1875. Geological Sur- 
vey of Canada, Report of progress, 1875-76. pp. 28-86, map, 1877. 

1879. 
Report of observations on the stratigraphy of Quebec Group and 
the older crystalline rocks of Canada. Gcol- Survey of Canada, Report 
of progress, 1877-78, pp. 1A-15A, Montreal, 1879. Reviewed (J. D. 
Dana) Am. Journal Science, 3d series, vol. 18, pp. 481-483, 1879. 

1881. 

The stratigraphy of the Quebec Group and the older cry'stalline 
rocks of Canada. Canadian Nat., vol. 9, new series, pp. 17-31, 1881. 
Re\'iewed by T. Mcfarlane, pp. 91-102. 

Report on the boring operations in Souris River valley. Geol. Surv. 
Can., Report of Progress, 1879-80, pp. lA-ioA, Montreal, 1881. Ab- 
stract. Phil. Mag., (L. E. & D.) new scries, vol. 14, p. 71, (J^p.), 1881. 

1882. 
On the Geology of the Ottawa Palaeozoic Basin. Trans. No- 3. Ott. 
Field, Nat. Club, pp. 34-39, Ottawa, 1881. 

1883. 

On the Quebec Group in Geology. Trans. Roy. Soc. Canada, Vol. 
I, Sect. 4, pp. I- 13. Montreal. 1883. 

North America. Stanford's compendium of geography and travel, 
based on Hcllwald's "Die Erde und ihre volker." Maps and illustra- 
tions. 652 pages. London. Edward Stanford, 55 Charing Cross, 1883. 

Parts I and II. [Part II, "the Dominion of Canada and New- 
foundland" by Alfred R. C. Selwyn, F.R.S., pp. 289-636.] 

Notes on the geology of the southeastern portion of the province of 
Quebec. GvOl. Surv. Canada, Report of progress, 1880-82, pp. 1A.-7A., 
Montreal. 1883. 

Geological nomenclature and the coloring and notation of geological 
maps. Geol. Surv. Canada, Report of progress, 1880-82, pp. 47-51, Mont- 
real. 1883. 

On the geology of Lake Superior, Royal Soc. Trans., Vol. I, section 
4. pp. 1 1 7- 1 22. 4\ 1883. 

T1k> Quebec Group in geology, with an introductory address. Rojfll. 
Soc, Trans., Vol. I. section 4. pp. 1-13. plate, 4", 1883. 
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Age of rocks on the northern side of Lake Superior. Science, Vol. 
I, pp. II. (Vi), 1883. Reviewed by R. D. Irving, pp, 139-140: by T. S. 
Hunt, pp. 218-19. 

1884. 

Descriptive sketch of the Geography and Geology of the Dom. of 
Can. to accompany a new Geological Map (Map No. 411). Prepared 
conjointly with Dr. G. M. Dawson. Geol. Surv. Can., (Separate). 
Large 8vo, pp. 55. 

The copper bearing rocks of Lake Superior. Science, Vol. I, p. 221. 
1883. Rcvie^ of R. D. Irving, pp. 140-41. Reviewed by R. D. Irving, 
PP- 359-60. (Eastern section). Descriptive sketch of the physical geog- 
raphy and geology of the Dominion of Canada, pp. 5-26, map, Mont- 
real, 1884. Abstract, Science. Vol. 5, pp. 156-57. 1884. 

Notes on observations, 1883, on the geology of the north shore of 
Lake Superior, (^Abstract). Can. Royal Soc. Trans., Vol. 2, sec. 4, pp. 
245, 4". 1885. 

Abstracts, Science, Vol. 3, pp. 675. 1884. Canadian Rec. Sci., Vol. I, 
pp. 13-14, 1884. 

1885. 

On the glacial origin of lakr basins. British Assoc, Report Of 54th 
meeting, pp. 721-22, 1885. 

Geological and natural history survey of Canada, Annual Report, 
new series. Vol. I, 1885. y^Z pagc^» map, Montreal, 1886. Administrative 
reports by G. M. Dawson. McConnell, Low, Bell. Ells, L. W. Bailey, 
and Chalmers on geology : Cope on paleontology : Coste on mining laws : 
and Hoffman on chemical analyses. 

1887. 

The Quebec Group. Science, Vol. 9, pp. 267-68, 1887. 

Summary report of the operations of the geological survey for the 
year 1886. Geol. and Nat. Hist. Surv.. Report for 1886, Part A, 87 pages, 
Montreal, 1887. 

The Huronian of Canada. Am. Geol., Vol. 2, pp. 61-2. 1888. 

1888. 

(Notes on Marcou's paper, "The Taconic of Georgia and the report 
on the geology of Vermont.") Am. Geol., Vol. 2, pp. 134-35, 1888. 

Answer to Dr. Pcrsifor Frazcr's circular, dated Philadelphia, 9th 
May, 1887. (On the subdivision of the Archean, classification of erup- 
tives in the Archean, unconformities in the Archean, and use of term 
"Taconic"). International Cong. Geol.. Am. Committer Reports, 1888. 
A., page 55, 7888, Am. Geol., Vol. 2, pp. 207, 1888. 

(On the use of the term "Taconic"). International Cong. Geol., Am. 
Committee Reports. 1888B, pp. 17, 1888. Am. Geol., Vol. 2, pp. 207, 1888. 

On the facts relating to Eozoon Canadv-nse. Science, Vol. II, pp. 146, 
1888. 

Summary report of the operations of the geological survey for the 
years 1887- 1888. Can. Geol. Surv. Reports, Vol. 3, new series, part I, 
Report A, 117 pages, Montreal, 1888. 
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Two systems confounded in the Huronian. Am. Geol., Vol. 3. pp. 
3J9-340, 1889. 

Canadian geological classification for the province of Quebec, by 
Jules Marcou. Boston Soc. Nal. Hist., Proc., Vol. 24. pp. 216-18, 1889. 

■'Annual Report" for the year 1887-88. Geol. and Nat. Htsl. Sur. 
Can., Vol. Ill, pp. 1-2, 

iSgo. 
Tracks of organic origin in the .'Vnimikie Group, Am. Jour. Sci., 3d 
series. Vol. 39. pp. 145-47- 1890 

The Geology of Quebec City. Science. Vol. 16, pp. 359, 1890. 

Summary report of the operations of the Geological Survey for the 
year 18S9. Can. G.'ol. Reports, Vol. 4, new series, Report A, 66 pages, 
Montreal. 1800. 

..Sg.. 

(Age of the rocks at Quebec.) Geol, Soc. Am.. Bull.. Vol. 2. page 
501. 1891, 

1805. 

Bililiograpby of tlie members of the Royal Society of Canada by 
John Gcfirgc Bournoit. Secretary of tb; Society, pp. "0-7t. Printed 
under the Society, May the Z5tb, i8i?4. Issued 1895. , 

Following is a list of ibe geological "sheets" or maps, and "horizontal 
section;;" prcpar.d in ibe whole or in part by Sclwyn during the years 
that he was on the staff of her Majesty's survey of Rngland and Wales. 
The maps were published at the ordnance office, whilst the horizontal 
sections were published at the geological survey office. Jermyn street. 
I.ondoii. England. 

1848. No. LIX. South East. (Macbynllclh). Scale of one inch to a 
statute mile, London: 1848. Prepared with A. C. Ramsiy and W. VV. 
Siuvth. 

1850. No, LXXN'I. N'orth. (Bardley). Scale of one inch lo a 
.-.tatute mil.'. London. i8:;o. - 

r850. \o. LXXVI. South. (Bards)ey). Scale of one inch to a 
smtuie mile. :8.:a 

r8.';0- No. LXXV. Northwest. (Harlech). Scale of one inch to a 
statute mile. London, 1850. Prepared with A. C. Ramsay. 

1850. No. L\', South West. (Leominster), Scale of one inch 10 a 
.statute utile, London. 1850. Prepared with W. T. .\velin?. 

1H50, No. LXXV. South W.'sl. (Harlech). Scale of one inch ot a 
statute mile, London. 1R51. 

iRSi. No. LXXVIII. South West. (Bangor), Scale of one inch 
to a statute mile. London, 1852. Prepar.d in conjunction with A. C 
Ramsavand W, W, Stnyth. 

1852, No, LXXVin. North West, (Bangor), Scale gf one indi 
to a statute tuile, 1853. Prepared in conjunction with Sir Hmry At b 
Bi-clie, W. W, Smyth and A, C. Ramsay, 
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1852. No. LXXVIII. South East. (Bangor). Scale of one inch to 
a statute mile. London, 1853. Prepared in conjunction with A. C. Ram- 
say, W. T. Aveline, J. B. Jukes. 

1852. Horizontal sections, Sheet No. 26. Geological Survey of Great 
Britain. Scale of six inches to one mile. London, 1853. Published at 
the Geological Survey Office. Prepared conjointly with W. T. Aveline. 

185.^. Horizontal sections, Sheet No. ag. Geological Survey of 
Great Britain. Scale of six inches to one mile. London, 1853. Publish- 
ed at the Geological Survey Office. Prepared conjointly with A. C. 
Ramsay and W. T. Aveline. 

1853. Horizontal Sections. Sheet No. 28. Geological Survey of Great 
Britain. Scale six inches to the mile. London, 1853- Published at the 
Geological Survey Office. 

1853. Horizontal Sections. Sheet. No, 28. Geological Survey of 
Great Britain. Scale six inches 10 the mile. London. 1853. Published 
at the Geological Survey Office. Prepared conjointly with A. C. Ram- 

1853. No. LXXV. North East. (Harlech). Scale ot one inch to a 
statute mile. Prepared conjointly with A. C. Ramsay, W. T. Aveline 
and J. B. Jukes. London, 185,1 

1854. Horizontal Sections, Sheet. No. 37- Scale six inches to the 
mile, Geological Sur\'ey of Great Britain. Prepared jointly with A. C 
Ramsay and W. T. Aveline, London, 1854. 

1854. Horizontal Section. Sheet 31. Geological Survey of Great 
Britain. Six inches to the mile. London, 1854. Prepared jointly with 
A. C. Ramsay, J. B. Jukes and W. T. Aveline. 

1855. No, LV. South East. (Leominster). Scale one inch to the 
mile. London. j8s^. Prepared jointly by J. Billops. W. T. Aveline and 
H. B. Howell. 

i8SS. No. LXXIII. Southwest. (Market Draylon). Scale of one 
inch to a statute mile. Geological Survey of England and Wales. Lon- 
don, 1855, Prepared jointly with Edward Hull. 

1855. No. LXXIH. North West. (Market Drayton). Scale of one 
inch lo a ilatule mile. Prepared jointly with Edward Hull. London, 
1855. 

1855, No. LXni. South East. (Market Drayton). Scale of one 
inch to a staiule mile. Prepared with Edward Hull. London. 1855. 

1855. No. LX. North West. (Montgomery). Geological Survey of 
Great Britain. Prepared jointly willi J. B. Jiikcs. W. T Aveline. and 
Sir A. C. Ramsay. London. 1855. 

18S7. No. LXXni. North East. (Market Drayton). Geological Sur- 
vey of England and Walc< Scale of one inch to a statute mile. Pre- 
pared jointly by W. W. Smyth and Edward Hull. London. 1857. 




22 The American Geologist, Januai-y. i^os. 



ON RHOMBOPORA LEPIDODENDROIDES MEEK, 

By G. B. CONDBA, Ph. D., Lincoln, Neb. 
PLATE It. FIGS. 1-10. 

1866. Stenopora columnaris. Geinitz (not of Schlotheim, 1813, 

(in part) Carb. und Dyas in Nebraska, p. 66. 
1872. Rhombopora lepidodendroides Meek, Pal. Eastern Nebr., p. 141, 

PI. VII, 2a-f. 
1877. Rhombopora lepidodendroides (?). White, Wheeler's U. S. 

G. S., IV, Pal., p. 99, PI. VI, sa^d. 
1884. Rhombopora lepidodendroides. Ulrich, Jour. Cincinnati Soc. 

Nat Hist., VII, p. 27, PI. I, i-ib. 

1887. Rhombopora lepidodendroides. Fperste, Bull. Sci. Lab., Den- 
ison Univ., II, p. 7^, PI. VII, 3a, b. 

1888. Rhombopora lepidodendroides. Keyes, Proc. Acad. Nat. Sci., 
Philadelphia, p. 225. 

1894. Rhombopora lepidodendroides. Keyes, Missouri Geol. Surv., 

V, p. 35, PI. XXXIII, 4a, b. 
1896. Rhombopora lepidodendroides. Smith, Proc. Amer. Phil. Soc, 

XXXV, p. 237. 

1899. Rhombopora lepidodendroides (?) Meek. Knight, Jour. Geol., 
VII, p. 366. 

1900. Rhombopora lepidodendroides Meek. Nickles & Bassler, Bull. 
i73» U. S. G. S., p. 395. 

1901. Rhombopora lepidodendroides. Rogers, Kans. Univ. Quar., IX, 
No. 4, pp. 240, 241, 245. 

Among a very large number of Coal Measure fossils found 
in Nebraska, some of which have been of service in determin- 
ing stratigraphy, the following seem to be the most common 
and widely distributed : Fusulina secalica, Seminula argentea, 
Chonetes granulifer, Spirifer cameratus, and Rhombopora 
lepidodendroides. The last named species has a wide range 
both vertical and horizontal ; it is more or less plentifully found 
in nearly all Coal Measure exposures of the state, and in the 
Permian at Blue Springs and Wymore. 

The first specimens were collected from outcrops along the. 
Missouri river by professor Marcou. They were identified by 
professor Geinitz of Dresden, in 1866 as Stenopora colum- 
naris (Schlotheim 1813, in part). According to Meek, who 
named the species in 1872, the specimens observed by Geinitz 
w ere R. lepidodendroides Meek encrusted by Fistulipora nodu- 
lifera Meek. The writer has found several specimenn. 
were quite concealed by Fistulipora nodulifera Medc* . 
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evident, therefore, that professor Geinitz may have erroiicousiy 
identified two new species, one covering the other, as n Minnie 
described species. 

The object of this brief paper is to announce the ]M)sitive 
occurrence of the species in the Pemiian of Nebratika. and lo 
briefly delineate its different forms of growth, only one n( 
which has been described. Meek's diagnosis is based on the 
young growth, and, as a result, the species is often iniimrfcclly 
known by that form alone. The writer has colhrctcd ami 
placed in the museum of the University of Ncbranka not Ictm 
than fifty pounds, representing several thousands, of nice clean 
specimens. They fall under the following growth.s: f, ynnng 
form; 2, old non-montiferous form; 3, old m<rtitifcrous form, 
fo these may be added the encrusting form which in rarely 
tound. From superficial characters, the casual '»l>servi'r Wfidd 
try separate the specimens into as many sjicciei as Ihcrc ari- 
forms of growth. 

Description. — Zoaria ramo.se, rarely encrusting, rylindrirat 
or slightly compressed, straight to irregular in eximl Mw<-cn 
bifurcations, in young and old fi^wms; surface %m'^Hh '»r rmM- 
iferous: bifurcations at irri^^lar internals. &\ta\ trr imMjiial in 
size, angle variat.Ie. usually fjrj Vi ftj degree*. V'lmg f',rrfi* 
(figs. I. 2. I}. io,i irlendcr. cylindrical, ^mall, zvi-rngr A'vtii: 
eier less than 2 mm., surface i(a(rtll''*«, due ti, pf/jwrting vjin- 
ihc-pore*. 'A'l ioTni'. -fifi-^. 3A >*. 11.; larg^-r. rfz/r*: ifr'-g- 
nlar. with r^r vi;'tth'Aii m'^nii'iilTS. iriw: var:af/>. 'isarru^Tf 1 ♦', *; 
mm., average 4 ',r smrri. ; !w<nt!o;!T» ',i ;ry<.*:fTr'/n i'ir:r. 
'iifier in -:zt ir.'l krrar.g»7r.»m^- a^ -h'<*ri 'v;. t^i s, 

Zo'^na '.'IT-.-': ZTkf'.:^'.'/ ir'.vr. '-.rr.'Ti. iifj^'jJt. y/r'-/!t.> -.f 
2fjarii:zr.. -'r.r'.'i-j^. ^hirh. :n ',X ^ro-)fc*r.» v<. '/k.-.x.-.*: -.r. r^-- 

regv.r. :'r.:-. :r. /.-ri^k. ■.- rra:".r-. ■/x'..-t. '!.vx "-.- v.s.-"-'.^ 
I^jre* ii % -^r-rx-r.^z.- :>s--;re vji--,-'-.^-*'-* .t -'.rr. : t* •<*- 
are y.rr.cr rr.'.-^ • x'.-/. '-^ '■"' z'^^^t- »'* * '-' *"'- >'-*'' 
ian?e ar.^: r.-a.": ;,r-.:-r-ir ;?■ f-.r- ->* vr-fiv . -^ •*'■ -,-" 
ferverj, Z.vj!j-.u.' -4,rry-i -.r ■' '^ >.■'. ?r:i' - v-^ -r-ft;— 
RSi'M, CTCEiar x *«-.-a'.r. 4.-r: :«:a. , >■"a^— ' ->• -x.- :— 
l^jcurio. Ti' i- •aoR'ir.jf :r. :->-.■*■• ■*: > '■*;" r-'-va- -v^r- 
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wihich open into rhombic or subelliptical vestibules ; Vestibules 
in very young- specimens subelliptical. The intersecting series 
and vestibules are not plainly shown in old forms. 

These brief notes may show that the so-called rhombic 
vestibule has been overestimated as a character. Probably 
the encrusting form has been described as a species under 
Stenopora. The systematic position of the species is held in 
dispute. Meek placed it under the polypi. 

Position and locality. — Coal Measures : "A rather common 
species at various localities in Xebraska, Kansas, Missouri, 
Iowa, Illinois, and Ohio." Found at Bennett, Roca, Ashland, 
South Bend, Louisville, Richfield, Cedar Creek, Plattsmouth, 
Wyoming, Nebraska City, Tecumseh, Table Rock, Humbolt, 
Dawson, Salem, Falls City, Weeping Water, Nehawka and 
other localities in Nebraska. The young form occurs in large 
numbers at Table Rock, while the old forms are even more 
plentifully found just above a thick bed of flinty limestone 
outcropping along the Platte river from Louisville to South 
Bend. Permian : Some years ago professor Knight collected 
specimens at Blue Springs and Wymore and referred them 
with question to this species. Since that time the writer has 
identified the species in the Florence flint at those places. 
Professor Prosser has collected and identified specimens from 
the Persian of Kansas. 

EXPLANATION OF FIGURES. 

1. Young form outlined natural size. 

2. Voung form, transverse section, outlined natural size. 

3. Old non-montiferous form, outlined natural size. 

4. Old non-montiferous form, outlined natural size. 

5. Old montiferous form, outlined natural size. 

6. Old montiferous form, transverse section, outlined natural size. 

7. Young form, surface enlarged, showing vestibules with large 
acanthopores at the vestibule angles. 

8. Old non-montiferous form, tangential section from mature region. 

9. Young form, transverse section of zoarium. 

10. Young form, vertical section showing transition from immature 
to mature region as well as form and size of cells. 

11. Old non-montiferous form, vertical section showing walls, tab- 
ulae, and cells. 

Note. — Figures 9, 10 and 11 were drawn by Miss E. P. Hensel. 
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VALLEY LOESS AND THE FOSSIL MAN OF 

LANSING, KANSAS.* 

By Wahrbn UPHA.M, St. Paul, Minn. 

The deposition of the loess in the Missouri and Mississippi 
valleys, forming- a most important part of the modified drift 
supplied from the waning continental ice-sheet, was very di- 
rectly dependent on a widely extended depression of our vast 
glaciated area, which, from a later part of its records in the 
basin of Lake Champlain and the St. Lawrence valley, has 
been named the Champlain depression, characterizing the clos- 
ing stages or Champlain epoch of the Tee age. Looking to 
the causes of the snow and ice accumulation, which prevailed 
during a relatively long time, attended, however, with great 
fluctuations of the ice borders, and to the opposite causes of 
the final departure of the ice-sheet, which occupied compar- 
atively only a short time, we find the Glacial period divisible 
into two epochs. The first was a time of high elevation of the 
lands which became glaciated, as known by river valleys 
on the continental borders now very deeply submerged 
beneath the sea. Snowfall, instead of rain, predominated 
throughout the year, giving a general though wavering 
growth of the continental icefields, with prolonged work of 
drift erosion and transportation. This was the Glacial epoch, 
as we may term it, comprising the far greater part of the 
Glacial period. But it is less fully known, as to the details of 
its history, than the ensuing Champlain epoch of depression 
of this glaciated region, when the ice-sheet finally melted away, 
albeit with many vicissitudes of halting and even occasional 
readvance interrupting the glacial retreat. 

In this ep)och, begun by the Champlain subsidence of the 
land beneath the immense burden of the ice-sheet, the earliest 
deposits were the loess of the Missouri and Mississippi region 
and the nearly analogous white silts on the area drained by 
the Ohio river. With abundant melting of the icefields which 
supplied these very extensive modified drift beds, the weight 
pressing down this part of the earth crust was much diminished, 
allowing it to rise probably 300 to 500 feet in this great in- 

* Presented at the meeting of the A. A. A. S. in Washini^ton, Jan. 2, 1903. 
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terior region, adjoining the northern ice-sheet, so that_when 
the somewhat later knolly and hilly marginal moraines were 
amassed along its boundaries at pauses of its recession, a coarser 
modified drift formation of sand and gravel was spread along 
the river valleys by the stronger and faster flowing streams 
that then received the drainage of the ice melting. The valleys 
had already been reexcavated from their filling of loess. New 
floodplains of gravel, sand, and silt, brought by the wattrs from 
the ice melting and rains during the Wisconsin or moraine- 
forming stage, attained great thickness near the ice borders, 
but thinned more rapidly southward, so that their continua- 
tions in the great valleys are now covered, or have been mostly 
worked over and redeposited, in the Postglacial alluvium. 

As fast as the ice-sheet withdrew and left the land bare, 
it was reele\ated farther north to nearly the same extent of a 
few hundred feet as before in the upper Mississippi region. 
A wave of permanent uplift thus advanced toward the central 
area that was last occupied by the icefields. Not many thous- 
and years, probably, after the loess areas were uplifted, the 
basin of the vast Lake Agassi?, now represented by Lake 
Winnipeg, was reelevated. rising mostly 300 to 500 feet at 
■ the rate of about a half of a foot yearly, by a gradual move- 
ment advancing from south to north ; at nearly the same time, 
the coast of Maine and the Chaniplain and St. Lawrence- valleys 
were uplifted to a similar amount: and in the north central 
area of our continent, including Hudson bay, the uplift still 
appears to be in progress, averagiijg for some districts per- 
haps' as higli a rate as three to five feet or more in a century. 
The loess region may have been wholly raised to it.s present 
hight far more rapidly, like the Lake Agassiz basin, within a 
thousand years, permitting the erosion of the loess to take place 
very soon after its deposition. Xo longer interval than a few 
thousand \'ears may therefore have separated the lowan stage 
of loess deposition, with its very slow river currents, from the 
Wisconsin stage of moraine accumulation and ' attendant trains 
of gravel and sand washed down the valleys by rapid streams. 
Tlie admirable investigation of the physical and chonical 
characters of our loess deposits by Chamberlin and Salisbury 
in the paper of their joint authorship. "The Driftless Area off 
the L'pper Mississippi \"alley,'" published in the Sixth Anniiat' 
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Report of the L'nited States Geol<^cal Sur\'ey. 18S5, leaves 
no ground for doubt that the loess of the Mississippi and 
Missouri valleys was derived mainly from the North American 
ice-sheet, bein^ a deposit of the flooded rivers during a stage 
of ven,- abundant ice-melting, with considerable redistribution 
over the interfluvial upland areas by winds. Several 
years later, an equally important work by McGee, "The 
Pleistocene Historj- of Xortheastem Iowa." appeared in 
the Eleventh Annual Report of the same suirey, presenting 
most satisfactory and conclusive eindence that the chief stage 
of plentiful and rapid deposition of the toess was when the 
ice-sheet still covered a large part of Iowa and stretched 
thence verv far northward, but after it had relinquishd the 
outer area of its drift which extends south to central Missouri 
and northeastern Kansas. 

Paha, or eskers of loess, described by McGee. iiid broad 
swells and embanked ridges of loess, also described by him and 
by Calvin, amassed along the border of the ice-sheet at its 
lowan stage, rising 20 to 50 feet or more above the adjoin- 
ing ahiiost perfectly level expanse of till on which the ice lay 
at the time of these loess accumulations, give me a complete 
assurance that the loess there was supplied principally from 
englacial drift which at last became superglacial by ablation 
or surface melting. .As with the more common types of eskers 
and kames, composed of coarse and fine gravel and sand. I am 
obliged to refer these loess fonuations to streams flowing down 
from the dissolving ice surface, not upward from stibglacial 
tunnels. They go with the numerous arguments of Profs. 
\. H. Winchell and W. O. Crosby, and of the present writer, 
to prove that tiic departing North American ice-shoet. wlien 
its thickness near the margin was greatly reduced, became cov- 
ered there by the drift which had previously been enveloped 
within the slowly flowing ice. nearly as the Malaspina ice- 
sheet or piedmont glacier in Alaska, between Mt. St. Ritas and 
the ocean, is covered by its formerly englacial drift, on which 
are now growing forest trees of large size and luxuriant 
thidcets. Similarly the Greenland ice-sheet, if it were meh- 
instead of increasing or remaining nearly unchanged, 
ivered at its border by the drift of its basal 
Ijecoming superglacial. 
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On the melting and drift-bearing margin of the ice in the 
Missouri, Mississippi, and Ohio basins, where a great propor- 
tion of the drift is very fine-grained, with usually an appreciable 
calcareous element, from erosion of limestones or of the fre- 
quently calcareous shales of the great Cretaceous areas west 
of the Mississippi, the superglacial drift, washed by the streams 
of the ice melting, and of the accompanying copious rains, 
yielded to the rills, brooks, and rivers discharged from the 
ice surface, a very abundant freight of fine muddy silt, usually 
somewhat calcareous. Being laid down in the ice-walled chan- 
nels of the streams near their debouchure to the open ground, 
or along the edge of the icefields, this modified drift is pre- 
served to our time in the very instructive loess paha, and 
in the high loess embankments and slopes that fringe the outer 
boundary of the lowan till expanse. 

What conditions produced and controlled the deposition 
of the valley loess? First, this region was differentially de- 
pressed, with all the North American area of glaciation, until 
it stood lower than now, the maximum reelevation in the Mis- 
sissippi basin being, as I think, about 500 feet, or, according 
to the estimate of Chamberlin and Salisbury, probably as much 
as 800 feet. (The physical characters of the earth crust, and of 
the plastic or molten interior, which could admit such dif- 
ferential movements, I discussed eight years ago in Mono- 
graph XX\' of the United States Geological Survey, entitled 
*'The Glacial Lake Agassiz.") Second, with restoration of a 
temperate climate on the border of the ice-sheet, brought by 
the subsidence from the formerly high elevation, extensive 
surface melting of the ice exposed its englacial drift, much 
of which was washed away and borne into the valleys beyond 
the ice boundary. 

The very fine modified drift in the Mississippi region, 
called loess, could be carried by the gently flowing streams 
far along the groat valleys, in which it fonned thick floodplain 
deposits, the swollen rivers being uplifted on them to hight< 
of 150 to 250 feet above their present beds. Today the Mi-souri 
is sometimes called "the llig Muddy," a iianio wliicii it well 
deserves, for at all seasons a white plate U>were(l into ii< 
muddv current l>econies invisible within a depth of twi> or three 
feet. lUit during: the tnial meltini:: oi the iee-<heet ihis river 
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and all the others of this basin were much bigger and much 
muddier. Though flowing with slackened currents on account 
of their decreased slope, they carried the fine particles of the 
loess hundreds of miles down the Missouri and Mississippi 
valleys, building up wide and thick floodplains as far south- 
ward as to Crowley's Ridge in Arkansas, and even onward 
past Vicksburg and Natchez, thinning out on the shores of the 
Gulf. 

During the summers of each year the floods pouring along 
the valleys from the ice melting and rains added a little to the 
surface of the whole floodplain ; but in the autumn, winter, 
and spring, the diminished rivers flowed in comparatively 
narrow channels, probably permitting the main part of the 
floodplain to become more or less covered by grass and other 
vegetation and to be inhabited by air-breathing mollusks. 
Hence, even in the valleys, the fossil shells of the loess are 
mostly of terrestrial species. If a quantitative estimate of the 
average rate of deposition of the loess in the vallcvs be at- 
tempted, I think two or three inches of added thickness in 
the three or four summer months of the river floods in each 
year to be perhaps a reasonable supposition, which would re- 
quire a thousand years, approximately, for the accumulation 
of the depths of 150 to 250 feet. 

From the very extensive tracts of the floodplains. several 
or many miles broad and reaching along the valleys hundreds 
of miles, the winds in the cooler part of the year, when these 
great expanses were bare, blew away much of the fine loess 
dust and spread it far and wide over the interfluvial higher 
lands. Received there on a gras^v surface, like that of our 
present prairies, the loess settled from the gales and mantled 
somewhat uniformly all the land, regardless of its contour or 
altitude. Tn these great areas of eolian loess only terrestrial 
shells are found. Here again we may essay an estimate of the 
rate of deposition, assuming that the wind action might bring 
on the average a sixth or a quarter, or even a third, of an inch 
in thickness vcarly. so that within the same thousand years of 
tlic valley loess formation the observed interfluvial lotss sheet, 
mostly TO to 25 feet thick, would be distributed in its surpris- 
ing unifomiity over the high and low lands alike. 

\or were the winds limited to the river floodplains for the 
derivation of their loess dust. On the drift-enveloped border 
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of the ice-sheet, which probably differed from that of the Mai- 
aspina glacier by having commonly neither trees, f^ass. no"- 
any vegetation, the gales in dry weather could gather much of 
this very fine silt, sweeping it off high in the air to be deposited 
far away with the other interfluvial loess. It should also be 
added that this silt mantle doubtless includes some contribution, 
most considerable westward, of dnst from the great western 
plains, this part being not of glacial origin. 

According to the well known investigation and report of 
Himiphreys and Abbot, the silt deposited annually bv the Mis- 
sissippi beyond its months and on its delta and swamp land? 
would cover a square mile to the depth of 315 feet. In a 
thousand years, therefore, ai its present rate, the river deposit 
at and near its mouths would be equal to the mea.sure of a 
thousand miles in length, two miles in width, and nearly 160 
feet in depth. IJuring the rapid glacial melting of liie lowan 
stage, however, we may reasonably suppose tliat the mean 
annual volume of the Missouri and Mississippi was twice or 
three times as great as now, its Hoods being prolonged through- 
out the summer ; and the amoimi of sill galbere<l from the melt- 
ing ice-sheet may have averagc<l fivefold. I believe, or i>er- 
haps for some centuries even tenfold, more than the present 
fupply. It seems therefore, by comparison with the work of 
these great rivers now. that they were competent, when the 
Qiamplain subsidence favored rapid melting of the ice. with 
an abundant supply of silt and very gentle slope of tlie stream 
courses lieyond the ice bimler. to deposit the valley loess in 
tjie manner and time here indicated. .-Afterward, too. when 
the region was somewhat rei;levated as at present, il is evident 
that the reexcavalion of the valleys would retpiire only a few 
thousand years to deejx'n them, as before the moraine-forming 
Wisconsin stage, to levels below the Iwttomlands of today. 

My principal motive for this study of the loess conies from 
the discover\'. in February of last year, by the Messrs. Con- 
cannon in a tunnel cellar on their farm near Lansing, Kansas. 
of a human skeleton beneath the lower part of the valley loess 
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This locality was visited by Prof. N. H. Winchell and myself, 
with others, August 9th. Six weeks later, September 20th, it 
was visited by Profs. W. H. Holmes, T. C. Chamberlin, R. D. 
Salisbury, and Samuel Calvin, with others; and a long article 
by Chamberlin, with short statements from Calvin and Salis- 
bury, has been since published.* Extensive excavations were 
made there within the next month by Mr. Gerard Fowke, 
under the direction of Prof. Holmes, to obtain additional ob- 
servations of the characters of the deposits overlying the skel- 
eton. The result of this investigation is regarded by Cham- 
berlin, Calvin, and Salisbury, as adverse to the conclusions 
before announced by Winchell and the present writer, which 
referred the fossil man of Lansing to the lowan stage of 
the Glacial period. Instead, they consider him to be of much 
less antiquity, the overlying 20 feet of silt being thought to 
be Postglacial alluvium from the drainage area of a little trib- 
utary ravine which there joins the great Missouri valley. 

Against this view I see two decisive objections, which 
seem to me sufficient to necessitate the reference of the Lansing 
man to the loess-forming Towan stage of glaciation. First, 
the overlying silt, regarded by Winchell and myself as loess, 
is predominantly calcareous in nearly the same degree as av- 
erage loess, though it has some scanty portions that have very 
little calcareous matter or none ; whereas if it were a Postgla- 
cial deposit, whether by the Missouri river or the adjoining 
ravine, or by both together, its material, derived from the 
weathered and leached superficial part of the loess, from the 
old Kansan drift thinly spread in that region, and from the 
weathered Carboniferous strata, would be mostly destitute of 
its calcareous ingredient. But the proximity of the ravine, 
of the Kansan drift, and of the Carboniferous limestone and 
shale beds, gives an ample explanation of the scanty inter- 
mingling of materials of local derivation with the otherwise 
typical loess. While the old floodpain of the lowan time was 
being deposited at the horizon of the Lansing skeleton and for 
the next twenty feet upward, exceptionally heavy local rains, 
and the snow melting in vspring, would sometimes. carry down 
an alluvial deposit of silt from the ravine, or pebbles and larger 

* Journal of Geology^ voJ. x, pp. 74.5-779, with 13 illustrationB in the text 
Oct.-NoT., 1902 (insued about Dec. 5). 
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rcx:k fragments, such as are inclosed in this section and in 
most other sections of loess adjoining the rock bluffs of the 
valley, especially where it receives a small tributary. In this 
connection we may notice that the Concannon tunnel in its 
outer half, dug during the winter of 1900-1901, had perfectly 
maintained its vertically cut sides and slightly arched top a 
year and a half before our visit, behaving in the manner so 
characteristic of the loess, which would not be possible in any 
Postglacial deposit of alluvium. 

The second objection to Chamberlin's view relates to his 
assumption that the Missouri river during some part of the 
Postglacial period had a lloodplain at Lansing about 25 feet 
above that of the present time. Changes then taking place as 
to the course of the river's channel are supposed to have per- 
mitted the stream in the ravine to deposit the silt above the 
skeleton. On the contrary, if I rightly read the geologic his- 
tory of the Missouri and Mississippi rivers, the floodplain at 
Lansing and southward was lower during the Wisconsin stage 
of glaciation than now, and has in general been somewhat 
built up, instead of being cut down, during all Postglacial 
time. With the uplift of this region which preceded the form- 
ation of the Wisconsin and Minnesota moraines, the valleys ac- 
quired their present slopes, and the valley loess was rapidly 
eroded. Its deposit along the Missouri, once having the hight 
of probably 150 feet above the Lansing skeleton, was removed, 
giving the valley its present width and even a greater depth 
than now, before the moraine-fomiing stage of the waning Ice 
age. During this process of reexcavation, the remnant of loess 
at and above the Concannon tunnel was spared ; and here and 
there, as close north of Council Bluffs, a terrace would be left 
midway between the crest of the valley loess bluffs and the 
present bottomland. Sufficient time intervened between the 
lowan and Wisconsin stages to allow the great valleys to be 
sculptured in the easily eroded loess to nearly their present 
form with a somewhat greater depth. Through this interval 
the ice accumulation and melting were almost evenly balanced ; 
but there next ensued a time of general and prolonged re- 
cession of the ice border, interrupted by many halts shown by 
parallel and partly interlocking moraine belts. From the abun- 
dant melting of this Wisconsin stage, floods again poured 
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along the valleys and deposited much modified drift. They 
descended with the same valley slopes as now, and their strong 
currents bore the finest silt far southward, to the lower Mis- 
sissippi and the Gulf, while the gravel and sand were deposited 
along the upper part of the valleys. In the close vicinity of 
the moraines the outwashed coarse modified drift filled the 
valleys 100 to 200 feet, or more, above the present rivers ; but 
the fine clayey silt borne farther down the valleys was deposited 
in much less volume than the earlier loess, being mostly swept 
on by the river floods to the Mississippi delta. Along the Big 
.Sioux valley, on the northwest boundary of Iowa, a floodplain 
of modified drift associated with the moraines has an average 
width, as described by F. A. Wilder, of one and a half miles, 
and is about ten feet above the present relatively insignificant 
bottomland, which averages only about a fifth of a mile in 
width.* Below the junction of the Big Sioux with the Mis- 
souri, this floodplain of Wisconsin time continues with a width 
of 6 to 12 miles on the east side of the Missouri through the 
distance of 90 miles to Council BluflFs and Omaha, having 
only the same slight altitude above the river. Southward from 
the mouth of the Platte river, as I think, the old Wisconsin 
floodplain was lower than the bottomland today, which has 
evidently gained in depth, rather than lost, ever since the Ice 
age. Conditions requisite for silt deposition 30 to 50 feet 
above the Missouri at Lansing appear thus not to hav(^ existed 
since the lowan loess was spread dce])ly along this valley. 

It seems needful to add only a few words more. The an- 
tiquity of the Lansing man I think to be measured by about 
12,000 years, or, at the longest 15,000 years; and this is prob- 
ably the earliest evidence of man known in relation with depos- 
its referable to glaciation in America. The stone arrowhead not- 
ed by Willistont as found with the bones of an extinct species 
of bison in western Kansas is undoubtedly about equally old. 
But the stone implements and human bones found by Ab- 
bott, Putnam, Volk, and others, in glacial gravels at Trenton, 
N. J., belong to a later stage in the departure of the continental 
ice-sheet. Probably almost contemporaneous with these are the 
evidences of early man made known in mo<lified drift deposits 

• lowM Gebl. Sarvex, vol. x. 1900. p. 14.2. 

Uarenttr Geological Survey of Kansas. \o\. ii, 1H97. pp. 297-308. 
J, pp. 313-315. with section. Nov.. 1902. 
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of Ohio by Wright, Mills, Claypole, and others, and in the 
upper Mississippi floodplain of the end of the Glacial period 
at Little Falls, Minn., by Winchell and Brower; which, in their 
turn, antedate the prehistoric hearth in New York under a 
beach of the glacial Lake Iroquois, reported by Gilbert, and 
the artificial flakes of stone noted by Tyrrell in a beach on the 
northwestern shore of lake Ag^ssiz. These all belong, how- 
ever, to the closing stages of the Ice age, probably ranging 
from 9,000 to 7,000 years ago. The men of Lansing, and of 
these later modified drift and lacustrine deposits, were very 
near our own times in comparison with the antiquity well 
known for man in Europe. In the Old World man has existed 
at least 100,000 years, and not improbably even twice as long. 
In America he may have had 50,000 or 100,000 years for the 
origin of the physical characters of the American race. There- 
fore the resemblance of the Lansing skeleton to the average 
type of our American aborigines, called Indians, appears in 
no degree surprising to one who believes that the creation of 
plants and animals has proceeded by the gradual methods of 
generic and specific development which are collectively termed 
evolution. 



NOETLING ON THE MORPHOLOGY OF THE 

PELECYPODS.* 

By Rudolf Ruborm ann, Albany, N. Y. 
PLATE III. 

The most recent of Mr. Noetling's papers on the pele- 
cypods introduces an element so novel and promising of useful- 
ness into the morphology of the pelecypods, that we wish to 
aid in making it known to the American students of paleon- 
tolog}-. 

The author admits that he owes the incentive to his investi- 
gation to Jackson's suggestive work on the **Phylogeny of 
the Pclccypoda," in which Jackson establishes the peculiar fact 
of the torsion of the hinge line in reference to the body of 
certain pelecypods, but, as Xoctling claims, fails to recognize 
the importance of the discovery, and also considers the axis 

•Fritz Noftlino: Beitrase znr Morphologic der Pclecvpodcn. Keues 
Jahrbuch fur Min. GcoL &: Pal. XV BeilaKe-Bd. 1902. 
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of the hinge line as constant. Noetling holds that it would 
seem a priori possible that the valves or the hinge line should 
have, in different genera a different position in regard to the 
principal axes of the animal. He has eliminated the miscon- 
ception arising from the assumption of the stable position of 
the hinge line by considering the oro-anat axis of the animal 
as a constant line. But even this new conception would not 
furnish the clew to the law of torsion as long as the hinge line 
is considered (as by Jackson) one radius of the angle of tor- 
sion ; with Noetling's data a comparison of the valves of Nu- 
cula with any sinupalliate pelecypod valve shows, that though 
in both the axis of the hinge is parallel to the oro-anal axis, a 
torison of 90° of the valve of Nucula has taken place with ref- 
erence to that of the sinupalHates. 

The suggested law of torsion, however, can not be clearly 
conceived without a thorough understanding of the relations of 
hight and length of the shell. The investigation of this re- 
lation led to the cc^nition of the fact that the term "hight," 
as conventionally derived by placing the shell in a vertical po- 
sition with the ligament forming the dorsal line, is an in- 
definite term, in many cases is not homologous and in 
Pecten and Venus may represent very different axes, Noet- 
ling, therefore, defines "hight" and "lenryth" by reference to 
the oro-anal axis, viz. the length of the shell as the dis- 
tance between two points nearest the oral and anal extremities 
and which are hence situated upon the oro-anal axis. With 
this dimension derived from the position of the animal within 
the shell the empirical "length" coincides, in the Dimyarians, 
but not in the Heteromyarians. In a shell of Pecten or Avic- 
ula we customarily measure the hight upon the oro-anal axis 
(See AO in diagram) and the so-called length upon a line 
connecting the dorsal and ventral margins. The terms have 
hence been simply inverted and it is evident that confusion 
herein cannot be avoided. 

In the Dimyaria (see Loxogoniacea of diagram) the length 
goes through both adductor muscles, in the Heteromyaria 
(Opisthc^oniacea of diagram) tlie length passes between the 
two and in the Monomjaria ( Symptogoniacea of diagram) 
the muscle has been so far removed from the oro-anal axis that 
^passing through the center of the former is perpen- 
n the Utter. 
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Under "hight" one understands conventionally the greatest 
vertical distance between points of the dorsal and ventral mar- 
gins. Noetling shows, first, that the length of this line, thus 
defined, depends largely upon the curvature and the thick- 
ness of the shell, which are accidental, indefinite elements. 

To eliminate these and because this "hi^t" is not com- 
parable in Dimyaria and Heteromyaria, the author defines as the 
"true hight" the distance between the ventral margin and the 
ventral edge of the hinge-plate, measured upon a line, which 
is perpendicular to the oro-anal axis and passes through the 
mouth. 

For the mathematical e.xpression of the torsion of the shell 
it has been found necessary to define a third element of the 
shell which is considered as of the greatest significance. For 
example, in the shell of Cvpricardia, there is a ridge from 
umbo to ventro-posterior margin, the umbonal ridge (see dia- 
gram i), which marks the direction of greatest longitudinal 
growth of the valve, lliis line is termed the "Crescenz-linie" 
(growth-axis). Its horizontal projection forms an angle with 
the oro-ana! axis, which is termed the "Schalenschiefe" (ob- 
liquity or slant of shell). 

It can now be shown that the expression — - ^ « (an angle 
of obliquity) allows the malliematical determination of the 
Schalenschiefe. The possible values of « between o° and 
360° give an infinite numlxir of stage,"; of torsion which the 
author chooses to place in 8 groups. In the determination of 
these groups it is to be remembered that not the shell, but the 
animal within the shell detennincs (he tenns applied to the 
parts of the shell, and that the oro-anal axi.s lies in the hori- 
zontal line, as it does during the life time of the animal. 

The groups are : 

i) n z= 0° (or Sfw"). that is, both axes (growth-axis 
and length ur oro-anal axis) coincide. In this case the growth 
must Wke place in the direction of the oro-anal axis, and in 
a pofterior direction. These are the Sympiogoniacea and as 
classical example for the group is cited Pecten, where growth 
takes place in an anal direction. The hight — o. 

2) 't > <)'. l)ul < 90 , tan " •> o' but < i. The ax- 
is of growili and the om-anal axis fonn an acute angle 
growth take,-; place in post ero- ventral direction. Th) 
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less than the length. For these the term Loxogoniacea is pro- 
posed. By far the majority of all pelecypods belong to this 
group, specially the large group of the sinupalliate Dimyaria, 

3) a = 90°, tan o = 1. Hight and length are nearly 
equal. 

In this case axis of growth and the oro-anal axis form a 
right angle and the growth takes place perpendicular to the 
oro-anal axis and in ventral direction. Pectunculus is mention- 
ed as the best example for this group, the Orthogoniacea. 

4) a > 90', but < 180°, tan « < I, but with different 
sign than case 2. 

The two axes form an obtuse angle and growth takes place 
in ante ro- ventral direction; Prosogoniacca. These correspond 
to the Loxogoniacea {see diagram) and a right valve of the 
Loxogoniacea is similar to a left valve of the Prosogoniacca, 
Mesodesma donacina and X'ucula are mentioned as character- 
istic representatives and it is stated that in depending solely 
upon the external characters of the shell, one would consider 
the longer anterior part as the posterior one, as is done indeed 
in most descriptions. 

5) « — 180°; tan « = o ; H = o. 
Ampiiigoiiiacca. These correspond to the Symptogoniacea, 

both axes coincide again, but growth takes place in opposite 
direction, viz. forward. Xo example? are known to the author, 
but it is thought that they would have to be looked for among 
paleozoic forms, which might have the pallial sinus or the 
posterior muscle near the umbo. 

6) « > i8o°; but < 270°; tan'i > o, but < i; H < L. 

Here the Schalenschiefe forms an angle in the third quad- 
rant and mathematically we have the case of the loxogoniacea ; 
and upon the shell the two axes would form an acute angle. 
but in fact the angle is greater than 2 R (R — right angle. 
see diagram), and growth takes place in dorse-oral direclioT. 
i.e. the ventral organs would lie below the umbo and the dorsal 
organs near the free shell margin. Xo examples of these, the 
Protoconcha£, are known, and the author concedes that it will 
be difiicult to "find any ; but adds that among such paleozoic 

■ pimynria as have an aculu "Schalenschiefe" a pallial sinus near 
c umbo should \k sought. 
. J) « = a70': tan- — 1 : H =,R. 
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These, the Statirogomacea, correspond mathematically to 
the Orthogoniacea, but growth takes place in an opposite di- 
rection, i.e. dorsally. No example known, but they are to be 
sought among the paleozoic forms with a rectangular "Scha- 
lenschiefe." 

8) a > 270° but < 360°; tan« < i, but >o; H < L. 

Among these, the Opisthogonicea, the Schalenschiefe forms 
an angle in the fourth quadrant. As « = 3R+ <»S the Scha- 
lenschiefe forms again apparently an acute angle, but the 
growtli takes place in dorso-anal direction. To this group 
belong the Heteromyaria and Avicula can be considered as its 
type. 

These are the eight cases, which, according to Noetling, 
are possible for the size of the Schalenschiefe. In four of 
these, where « =0®, iR, 2R, 3R the number of possibiHties is 
absolutely limited but where «:=o + «^ (acute angle), iR+«i 
(obtuse), 2R+a^ (acute in third quadrant), 3R+'^^ (acute in 
fourth quadrant), the number of possible sizes is indefinite. « 
appears therefore always as an acute angle and the great diffi- 
culty is to determine to which quadrant it belongs. Where the 
pallial sinus can be observed no difficulty is found to determine 
whether a lies in the first or second quadrant; the external 
ligament can also be used for this purpose. The direction of 
growth of the shell \\\\\ readily decide whether « lies in the 
fourth quadrant. If the shell in question covers none of these 
cases and « is acute it could be logically concluded that it lies 
in the third quadrant. As with paleozoic fossils both the ex- 
ternal ligaments and the pallial sinus often fail of observation, 
this determination will mostly be very difficult and other cri- 
teria are therefore sought for. 

The author has the eight cases under discussion, so ar- 
ranged, in a diagram, that they form a closed circle. This 
diagram is here copied. All figures of valves are placed so that 
the dorsal side is above and the oro-anal axis (A-O) lies hori- 
zontal. W represents the axis of growth, the latter having tak- 
en place in the direction of the marker. The central ring of 
angles represents the corresponding Schalenschiefe, the ansfle 
formed by the axis of growth and the oro-anal axis. The 
torsion of the shells becomes in this diagram directly apparent. 

Mr. Xoctling then points out the deep hiatus existing be- 
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tween the Loxogoniacea (sinupalliate Dimyaria) and the 
Symptogoniacea (Monomyaria), which in this diagram have 
become adjoining groups; while each of them is in the other 
direction connected with the next adjoining group; the Symp- 
togoniacea being generally considered as derived from the 
Opisthc^pniacea, and the Loxogoniacea being closely related 
to the Ortht^oniacea. Altogether there seems to exist from 
the Loxogoniacea in a direction against the movement of the 
hands of the watch a continuous series of groups, and from the 
SvTnptogoniacea with the movement of the hands of the watch. 
This leads to the conclusion that the two, Loxogoniacea and 
Symptogoniacea, represent the termini of two series, which 
are thought to begin with the Proloconchae. In the diagram 
this supposed phylogenetic connection is indicated by the circle 
which beginning at the Protoconchae is, in the upper semi- 
circle, marked as the phylum of the Dimyaria, in the lower as 
that of the Monomyaria. 

The problematic group of the Protoconchae which would 
represent the primitive pelecypods, can be said to possess the 
following characters : Equivalve, but inequilateral. Two mus- 
cular impressions. Pallial line entire, without sinus, situated 
upon the umbonal side of the shell, i. e. with its convexity di- 
rected toward the umbo. Hinge consisting of primary lamel- 
lae. Ligament partly external, partly internal. Schalenschiefe 
between 180* and 270°, and growth in oro-dorsal direction. On 
the whole the shell would be like that of a common dimyarian, 
but the animal lay in it turned i8o°. so that the ventral organs 
were situated in the umbonal direction. It is stated that this 
definition of the Protoconchae tallies in the more important 
features with that furnished by Dall in Zittel-Eastman's text- 
book of the Protopeleeypoda, and derived from the characters 
of the protlissoconcb. The difficulty of recognizing this im- 
portant group among the paleozoic pelecypods is conceded, and 
it is added that only the pallial line and the direction of growth 
will definitely determine the existence of this group. 

The author thinks that these groups could be also used for 
systematic purposes, specially as several coincide in the whole, 
with classes of the original ^vstem of pelecypods. It \v-ould 
Km. bovvcvtr, to the writer that the groups can not be of 
■present onlv a single momentary stage 
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in the process of torsion, in the Orthogoniacea for instance, 
that stage where the axis of growth has just become vertical 
upon the oro-anal axis (« = 90**), while the neighboring 
groups of the Prosogoniacea and Loxogoniacea each comprise 
an entire extent of torsion of 90°. This becomes also evident 
from the fact that while the Lojcogoniacea are claimed to co- 
incide with most of the sinupalliate Dimyaria, under the Ortho- 
goniacea, it can be only said, that besides Pectunculus also 
Cardium shows in many cases a Schalenschiefe of cp. The 
Orthogoniacea would, hence, appear as only a limitary case of 
the Loxogoniacea. By applying the mathematical divisions 
in their full sharpness, the system would, it seems, become too 
rigid for the use of the biologist and some groups perhaps 
would be represented only by a few species of several differ- 
ent genera. 

In the final chapter of this paper, which it is hoped will 
inject new life in the difficult study of the paleozoic pele- 
cypods, and will perhaps dissolve the "Palaeoconchae" just as 
the long esteemed class of the Tetracoralla has been dis- 
solved, paleontologists are cautioned in regard to the use of 
the terminolog}% for, assuming the actuality of the torsion, it 
would be absurd to continue, in Pecten for example, the terms 
anterior and posterior ears, or to designate the posterior mar- 
gin as ventral margin, as has been done hitherto. In such 
groups as the Prosogoniacea the danger is even that right and 
left valves mav be confounded. 



NOTE ON THE WEST INDIAN ERUPTIONS OF 

1902. 

(No true Lateral Ciaters took part in the Volcanic Eruption!! J 
Bv Gko. Cakkoi.i. Curtis. Boston. 

The existence of lower active craters on the slopes of Pclee 
has been reported in connection with the recent eruptions,* but, 
after what up to the time of my departure, July 6th. had been 
the most complete field reconnoissance in St. Vincent and 
Martinique since the eruption. I am inclined to believe that no 
true lateral or parasitic lower craters of terrestrial origin have 
taken part in the eruption of 1902. 

• Anoklo Hkilpkin. AlcCIure's A7a^^. Ausr.. 1902. 
KoBBKT T. Hill. Sat. Geog, Aia/f., vol. viii, No. 7. 
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It is quite probable that within the great crater of Pelee 
there may be several vents besides the >summit opening, in fact 
I observed three very distinct loci from which eruptions ap- 
peared to come within the walls of the main crater. From the 
very nature of the fragmental cone within, it is wholly con- 
sistent that volcanic outbursts may fissure it at various places 
along the flanks, and I am inclined to believe that outbreaks 
from the lower side of the great interior cone may have fre- 
quently been interpreted as eruptions from lower craters. 
These local manifestations in thje main crater, however, no 
more deserve separation from the main source than would 
different puffs of smoke which emanate from the periphery of 
a bonfire. 

A phenomenon which I saw to cause much fright among 
the natives of both St. Vincent and Martinique, was eruption 
in the beds of rivefs. This spectacular, though comparatively 
harmless expression, I am persuaded to believe is of wholly 
secondary nature, and of no more subterranean prigin than 
is the cake of ice delivered at the door a source of winter 
rigor. 

The processes of these local eruptions could be seen by 
close, rational observation on the spot. At a distance they 
were misinterpreted by all except those who had learned their 
meaning from studies at close range. There are several im- 
mediate causes of these river bed eruptions and those methods 
by which I have observed them to be brought about. 

While returning in a canoe on the afternoon of May 3rd 
from a trip along the northern shore of St. Vincent, there 
came on a heavv rain. In a few minutes the water was fairlv 
washing down the land over the cliffs into the sea. Rills 
became small torrents and hanging drainage creases sent small 
niagaras black with ash mud down the steep cliffs. Then just 
oppo.site a great cloud sprang from the mouth of the Wallibou 
river, and with a startling roar the heavy clouds rose higher 
and higher in great convoluting, twisting masses, huge fingers 
of l)lack earth shot up through the stream in spasms and 
molted back into the bulging rolls. The eruption column rose 
to a liight of over a mile, curtaining in our horizon, darkening 
the sky and raining upon us a snow-like coating of wet ash 
dnst. I'or over an hour we forced our unwilling boatmen to 
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hold us in this shower of ashL Next morning' a new delta 
14 X 40 feet had grown at the mouth of the Wallibou. This 
eruption was largely due to the swollen stream reaching a hot 
ash bed. 

On June 24th I witnessed the mud flow from Pelee and all 
the evidence I obtained from revisiting the field to the crater's 
mouth indicates that this was due to the water sent to the ash 
beds in the Seche and Blanche direct by an eruption from the 
3 miles distant crater. No other explanation can I make hold, 
and there is much to substantiate the view. 

Origin and Action of Ash Deposits. 

Hot ejected rock of varying size from the impalpable dust 
to boulders 21 x 50 feet have been distributed over the great- 
er portion of the slopes of Mt. Pelee and the Soufriere, but 
while they seldom average above a depth of four or five feet on 
the upper surface, concentrations of from 20 to 100 feet have 
taken place within the narrow river beds. 

I am inclined to believe that one important method of this 
canyon concentration has been during great outbursts when 
large volumes of water have been erupted together with the 
heated rocks and dust, and that these masses have rushed down 
the mountain sides in great avalanches, some reaching the sea 
direct, fonning deltas and even islands, others being deposited 
as -a flood plain within the canyon walls, where the heavier 
boulders, gravitating to the lower portion, the upper part of 
the mud flow serves as a blanket to retain the heat. On May 
5th the Guerin factory on Martinique was buried some 60 feet 
under such a flow. The ash retained, at the time of our de- 
parture from Martinique, July 6th. sufficient heat to cause 
heavy columns of vapor whenever the canyon became flooded. 
It is bv the access of water, whether bv collection in heavv 
rain, by stream damming process, or by direct eruption from 
the crater or otherwise that these hot ash beds give vent to the 
geyser-like eruptions, sending out great clouds of steam and 
mud, which give the impression of a primary volcanic eruption. 
This has led to the belief that true terrestrial craters exist on 
the lower slopes. This secondary ])henonicnon has Ixrn the 
most instructive of the recent West Indian c'ruj)tions. Ii la\ 
spread out, literally smoking h(^t. exposed to the (il)servati()n <>f 
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all who would visit, and it is in a careful study of these tangi- 
ble remains that the contributions may be made to geological 
science. 

Crater of 1812, 

On the north east side of the Soufriere crater at St. Vin- 
cent lies a small lateral crater of about J4 the diameter of La 
Soufriere. Current rumor has it that this lateral crater which 
is reported \o have been formed by the eruption of 18 12, had 
played an active part in the present eruption, and that the nar- 
row wall between the two vents had been broken away. 

On June 7th with Dr. E. O. Hovey and a black guide, 
Samuel Brown of the destroyed Lot 14 Estate. I succeeded in 
reaching the crater of 1812 and crawled for some distance out 
upon the narrow divide which separates it from the great 
crater of '*La Soufriere." The wall was still standing, no 
evidence that could be gathered indicated the small crater had 
been in eruption during the recent outbreak. 

The eruptions in Martinique have occurred within the 
somma ring of the great summit crater of Mt. Pelee which 
though divided into several foci of activity can scarcely be re- 
garded as possessing lateral vents. 

From this I believe that while manifestations of volcanic 
energy in the form of outbursts of dust laden steam within the 
river beds have been frequently obser\'ed, no true lateral vol- 
canic eruptions have taken place and no true lateral or para- 
sitic craters have yet been formed in the West Indian eruption 
of 1902. 



MINERALS OBSERVED ON BURIED CHINESE 
COINS OF THE SEVENTH CENTURY. 

By Austin F. Ro(iBRS, New York. 

Anything that throws light on the formation of minerals 
is welcome to the mineralogist, geologist and student of ore 
deposits. Principal among the objects furnishing such light 
are the so-called artificial minerals, products of the laboratory 
and furnace. 

There is another class of objects forming, as it were, a con- 
necting^ link between minerals and artificial minerals which 
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aid us in studying the formation of minerals. I refer to min- 
erals found on timbers and tools in abandoned mines, on metal- 
lie utensils buried for years, on slags exposed to the elements 
and the like. In these there is an element of the artificiaL 
Man has accidentally placed the objects which are acted upon 
in certain favorable places but has not directed the conditions 
of the experiments. In this connection we recall Daubree's clas- 
sic researches on the minerals found in the Roman baths at the 
thermal springs of Plombieres. 

But it is minerals formed upon and at the expense of buried 
coins that I wish to consider now. The coins heretofore de- 
scribed are Roman coins, found in France, Algeria, Corsica, 
and England. Four out of the five minerals observed on our 
Chinese coins have been observed on these Roman coins. 

In grading the grounds of the William Nast College (for 
Chinese) at Kiukiang, China, a pot of buried coins was discov- 
ered. The pot contained about five thousand copper coins. 
They were brought to this countr\' by bishop David H. Moore 
of the Methodist Episcopal church, and one of them is given as 
a souvenir receipt to everyone who subscribes a dollar toward 
the fund for a college dormitory. Xo facts regarding the oc- 
currence of the coins were obtainable. Thev are the circular 
"cash" with a square hole in the center. On some of them 
the inscription is well preserved and. according to the printed 
slip accompanying them, the coinage is of the Kang dynasty, 
Kai Yuan reign, seventh century. The writer had the oppor- 
tunity of looking over several hundred coins in the possession 
of bishop Moore, to whom he wishes to express his thanks. As 
a rule the coins are not much corroded. On many the inscrip- 
tions are plain and a few strokes of the file usually reveals 
the bright metal of the coin which is largely copper. The 
minerals observed arc cuprite, malachite, azurite, copper, and 
cerussite. Manv of the coins have little, if anv, of these min- 
erals while others are almost completely covered on both sides. 
Some have onlv one or two of the minerals while others have 
three or four or in one case five. On one coin, one mineral 
may be dominant, on another it may be a different mineral. 
Though some of the coins have ciij)rite on one side and tlie 
copper carbonates on the other there is no regularity of such 
distribution. In the case of three of the copper minerals, there 
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is a definite order of succession. — The cuprite was formed first, 
then the malachite, then the azurite. Nearly all the specimens 
exhibit this paragenesis. 

Cuprite. — Cuprite usually occurs in small but distinct crys- 
tals. When the crystals with their brilliant reflecting surfaces 
are thickly scattered over the surface the coin makes a beautiful 
specimen. The dominant crystal forms are the cube and the 
octahedron. There are also the dodecahedron, a trapezohedron 
and a tetrahexahedron. On the best specimen the crystals pre- 
sent the following combination : cube, dodecahedron, octahe- 
dron and a trapezohedron. Several crystals were measured 
and the first three forms identified, but no indices could be as- 
signed to the trapezohedron. On other coins octahedral crys- 
tals occur. 

Mala-chite. — A mammillated structure with concentric lav- 
ers characterizes the malachite. It has been formed after the 
cuprite and before the azurite. 

Azurite. — Azurite does not occur as often or in as large 
amounts as malachite. It is often crystalline in structure, its 
drusy surface following the contour of the malachite, the 
foniiation of which preceded it. 

Copper. — Small, rough crystals of copper were observed 
on two of the coins associated with cuprite. 

Ceriissite. — Cerussite was found on nearly all the coins ex- 
amined. Though usually in subordinate amount, on one coin 
it w^as the dominant mineral. It is sometimes colored with 
cuprite. The lead probably came from some extraneous source 
as none could be detected in the coin itself. 

With the exception of the copper our occurrence is like that 
noted by Fletcher* on Roman coins from Chester. 

Appended is a list of minerals that have been found on 
coins with the names of observers, localities and references 
to publication. 

Azurite. — Lacroix — Algeria. Bull. soc. fr. Min. 6: 175, 1883. 

Fletcher— Chester. Min. Mag.. 7:187, 1887. 
Bornitc. — Dauhrre — BourlK>une ks Bains. C. R. 80:461.1875. 

Gouvenain — Bourbon rArchanibault. C, R. 80:1297. ^^^7^- 
Cerussite — Lacroix — Algeria, ibid. 

Fletcher — Che-^t^r. ibid. 

• I.oc. cit. 
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Chalcocitc — Daubree — Boiirbonne les Bains, ibid. 

Daitbr6e — Baracci, Corsica. C. R. 92:57, 1881. 

Daubree — Flincs les Roches. C. R. 93:572, 1881. 
Chalcopyritc. — Daubree — Begneres de Bigorre. Bull Soc. GvOl. France 
19; 529, 1862. 

Daubree — Bourbonne les Bains, ibid. 

Daubree — Flines les Roches, ibid. 

Gouvenain — Bourbon I'Archanibault. ibid. 
Cupritr. — FLichtT — Chester, ibid. 

Breislak — Torre del Greco. Physischc u. lithologische Reis.n 
durch Campanicn, 1802, p. 204. 
Malachite — Lacroix — Algeria, ibid. 

Fletcher — Chester, ibid. 
TctraJirciritc — Daubree — Bourbonne les Bains, ibid. 

Columbia l^niversity in the city of New York, Dec, igo2. 



AN ERRATIC BOWLDER FROM THE COAL 
MEASURES OF TENNESSEE. 

By S. W. McCallik, Asst. Geologist of Georgia, Atlanta. 

Two years ago last summer while on a visit to the Etna 
coal mines located near Chattanooga, Tenn., my attention was 
called to a bowlder which a short time before had been found 
near the center of a three-foot coal seam. The main attractive 
feature of the bowlder to the miners, and apparently the cause 
which led to its preservation from the w'aste dump, seemed 
to have been the glittering particles of pyrite to be seen at 
several points on its surface. The pyrite was supposed by 
the miners to be gold, and as a consequence the bowlder was 
spoken of as the '*goId rock." 

The writer learned that a short time previous to his visit, 
the bow'lder had been shown to one of the United States geol- 
ogists, who, though then engaged in collecting fossil coal plants 
at the mines, broke off and carried away a small piece of the 
stone. With the exception of the removal of this fragment 
and a few marks made by the pick in dislodging it from the 
coal seam, the bowlder was entire and not otherwise mutilated. 

The bowlder was elongated, somewdiat kidney-shaped, and 
would weigh when entire twenty or thirty pounds. Its sur- 
face was quite smooth and had every appearance of havini:: 
b^n water worn. In shape and in size it was not at all unlike 
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stones frequently met with in or near the larger streams of 
East Tennessee and North Georgia, but on close examination 
it was found to be entirely different both in structure and min- 
eralogical composition. 

The color of the stone is greenish gray, specked with small, 
irregular dark and light colored spots. In texture it is fine- 
grained, none of the individual minerals being made out ma- 
croscopically. Thin sections show that it consists of quartz 
and feldspar phenocrysts and biotite, in a quartz- feldspar 
ground mass. The feldspar and also the biotite are usually 
much altered, the former giving rise to scales of kaolin, and 
the latter to chlorite. Whether these alterations antedate the 
burial of the rock in the Coal Measures, or are of subsequent 
date, is an open question. However, the smooth surface of the 
bowlder would seem to indicate that the stone was polished by 
water when the minerals were in a comparatively fresh state. 

A specimen of the rock submitted to Miss Florence Bas- 
com., of P>rvn Mawr, for examination was identified by her 
as an aporhyolytCi though she suggested that the more general 
term nietarhyolyte might also be used. Miss Bascom was im- 
able to decide definitely frotn a single slide whether the rock 
cooled as a lava flovv^, or as a dike, yet no doubt was expressed 
as to its classification. 

Tlie most interesting question which suggests itself in re- 
gard to this erratic bowlder is its source. Its water-worn 
surface would seem to indicate that it had probably been trans- 
ported home distance by water prior to its deposition in the coal 
seam, but even this throws little or no light on its original 
source, as no rocks of like character are to be found in Tennes- 
see or the adjacent portions of Georgia and Alabama. The 
stratigraphical position of the bowlder fixes the time of its 
deposition in the latter half of the Carboniferous age, and as 
a consequence the lava flow or dike from which the bowlder was 
derived must antedate that period. This would seem to indi- 
cate that prior to the latter half of the Carboniferous age at 
some point not far removed from the Etna coal mines there 
were dikes or surface flows of rhyolyte which have since been 
buried beneath' subsequent dei)osits. 
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GEOLOGICAL AGE OF THE WEST INDIAN VOL- 
CANIC FORMATIONS. 



The Greater Antilles appear to be nearly devoid of volcan- 
oes- The writer has seen only the remains of one in Jamaica 
, (at Low Layton), and none in Cuba. But there are extensive 
underlying igneous formations in all these islands. How- 
ever, in the inner zone of the Caribbean or Windward islands 
there are many cones, and beneath these and the outer islands 
there is an underlying volcanic basement. In such of the outer 
islands as St. Martin and better still in Antigua, and in St. 
Croix one gets some knowledge of the antiquity of the older 
eruptive formations. In Guadeloupe the geological records 
are equally well preser\'ed, on one side, while on . the other 
there are tlie more recent volcanic cones, which can also be 
seen in St. Kitts, Statia, Dominiqua, Martinique, St. Lucia, 
St. Vincent, etc. 




In St. Martin and Antiqua the old volcanic basement forms 
mountains still uncovered by modem cones, as also in SL 
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Croix. The rocks are essentially an andesyte in form of both 
lavas and tuffs. Their surface topography is moulded by at- 
mospheric agents into low mountains and valleys. Overlying 
such a basement in St. Croix and St. Thomas, according to 
Cleve,* there is a conglomerate containing pebbles with Cre- 
taceous fossils. In this region these basement rocks are so 
dissected that their remains constitute many of the islands of 
the Virgin group. 

But in Antigua and Grande Terre of Guadeloupe the 
strata overlying the denuded igneous basement is a sub-aqueous 
re-distributcd tuff with some calcareous beds in the upper zone, 
over which rest conformably the white limestones, a marly 
deposit containing Oligocene corals and shells.t South of the 
Guadeloupe archipelago and Monserrat, the outer islands dis- 
appear, and the writer is not aware of the occurrence of the 
early Tertiary limestones remaining so as to leave evidence of 
the age of the igneous basement, though by its lithological 
characteristics and the physical features of its ancient surface 
one can hardly be far astray in concluding that they are of the 
same age as the similar formations on the islands to the north. 
In Barbados the Oligocene limestones reappear, but here there 
are no igneous deposits. It thus seems that the whole Carib- 
bean plateau beneath both the volcanic ridges and the lime- 
stone islands is underlaid by an igneous formation dating back 
to the commencement of the Tertiary period at least, if indeed 
these rocks are not as old as those of St. Croix, that is as an- 
cient as the Cretaceous period. 

In St. Martin, St. Bartholomew and Antigua, the moun- 
tain belts are entirely made up of the denuded rocks of this 
old igneous formation without a covering mantle. So also, 
part of Statia, St. Kitts, Monserrat, the southern end of Mar- 
tinique, portions of St. Lucia and the southern end St. Vincent * 
have their surfaces moulded out of the ancient igneous accum- 
ulations : but elsewhere in these islands, as also in Guadeloupe 
proper and Dominique, they are covered with volcanic mater- 
ials which constitute more or less of the cones and ridges ris- 
ing to a hii^ht of 3,000 to 4.000 feet. In these mountainous 



k. 



• On the Gcoloiry of the northenxtern West Indian islands. Trans. Roy. 
Sociedad Acad. Set., vol. ix. 1870-71. 

t Sec "Geolo/srical and Physical Development" of the various Windward 
islands, in six papers bv J. W Spf.kckr. in Quart. Jour. Gcol.Sci., vol. Ivii 
(1901), pp. 409 54.3, and vol. Iviii. (19()LM. pp. .341-36.'^. 
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islands, there is not merely a combination of late and ancient 
eruptive deposits, but there are several formations secondarily 
derived from the remains of the older basement, and here is 
room for more study than has been attempted. 

The history of one is more or less the history of all these 
conical islands. For instance, in Dominique there is the old 
andesitic rock overlaid by volcanic breccia or conglomerate. 
At other points the age of the tuffs cannot at present be as- 
signed, but some of them have been denuded into relatively 
large valleys which have been partly refilled with still newer 
tuffs (like that of the Roseau valley) containing an abundance 
of water-worn pebbles, often arranged in lines among the more 
angular material. Such may correspond to the early Tertiary 
sub-aqueous tufaceous beds of Grand Terre (Guadeloupe). 
And these beds have been subsequently tilted outwards at 
considerable angles. As in St. Martin, Antigua and Grand 
Terre, there is nothing to show that there were any mid-Ter- 
tiary eruptions w^hen the whole region was somewhat elevated 
and the denuding agents were moulding the surface into 
rounded outlines. From the corresponding topography in the 
more volcanic islands, where not surmounted by the modern 
cones, the impression is left that the volcanic activity of the 
region was quiescent during much of the Miocene-Pliocene 
period, before the building up of the cones and ridges ; which 
were constructed at a relatively late date; for we find the sea- 
bed elevated along with these ridges. Thus we find in Statia 
and in St. Kitts volcanic cones raised by an upward thrust 
which carried along with it the sea-floor covered by about 30 
feet of marl, now fomiing broken mantles surrounding the 
cones to elevations of from 400 to 900 feet. Elsewhere, how- 
ever, we find fragments of a similar fomiation appearing with 
the volcanic rocks brought up by a general elevation of the is- 
land. These limestone marls contain practically a living fauna, 
thus showing the elevation to date no farther back than the end 
of the Pliocene f>eriod. Again there are two series of gravel 
formations, one of w^hich is older than the coralline strata jnst 
mentioned as interbedded with the volcanic ejectamenta : but 
this gravel formation had its surface .i^^reatly denuded 1)efore 
the formation of the marl. Again, both the marl and the i^ravel 
have been further subjected to emsion so as to often 1)e only 
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left in broken series. The newer gravel has not been sub- 
jected to so much denudation. The youthful lavas have been 
seen both in Dominigua and St. Kitts, beneath the stratified 
gravel beds at present not determined as to whether belonging 
to the older or newer series. The lower gravels in their 
succession correspond in position to the Lafayette of the con- 
tinent, and the upper gravels to that of the Columbia. The 
eruption which raised the cones in St. Kitts and Statia, above 
referred to, appears to have occurred during the subsidence 
which gave rise to the upper gravels provisionally regarded 
as the equivalent of the Columbian series, — a mid-Pleistocene 
formation — and the marl beds thus raised rest upon an inco- 
herent bed of volcanic ashes, containing living fauna. From 
all facts before the writer it seems that the volcanic ridges owe 
their origin to volcanic activity which re-commenccd about 
the close of the Pliocene period, and that the eruptions have 
continued with more or less interruption down to the present 
day, for we find that the cones and ridges have not become so 
deeply dissected by rains and streams as would be expected 
had their growth net been continued more or less continu- 
ously from their re-birth at the close of the Pliocene period 
to the present year of recorded activity. 



EDITORIAL COMMENT. 



THE DIAMOND MINKS OF SOUTH AFRICA. 

Just how much of the popular interest in diamonds is due 
to their value and beauty for j^crsonal adornment and how 
much to the difficulties in the way of satisfactorily accounting 
for their origin, it is perhaps impossible to say. The true sci- 
entist would, undoubtedly, claim that with him the latter in- 
terests were paramount. Still, there exists in our minds a 
doubt if, were diamonds as cheap and abundant as quartz 
crystals, the interest, even of these, would lie as intense. 

Be this as it may, from the earliest period when stones of 
high refractive index were faceted, the diamond and all relat- 
ing thereto has possessed a fascination for the general reader 
beyond that of all other gems. A recent work, **The Diamond 
Mines of South Africa" by dardner F. Williams (The Mac- 
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millan Co., 1902), adds one more to a long list of titles and 
presents the subject, so far as South Africa, at least, is con- 
cerned, in a manner never yet equaled for attractiveness and 
thoroughness. The work comprises 681 royal octavo pages, 
with 29 photogravure plates, 11 maps, and nearly 500 figures 
in the text. There is space here, certainly, for a satisfactory 
review of the subject, and it has been, apparently, well utilized. 
Numerous references to other writers and the fact that the 
writer is general manager of the De Beers Consolidated Mines 
tend to give the work an air of authority which it might not 
otherwise possess. 

The book begins with an account of the ancient Adamas, 
the references to the diamond in early scriptural and profane 
literature, a chapter on the traditional Ophii Land, including 
a history of the various settlements in South Africa and the 
final crowding out of the Boers from the Cane Colony by the 
British and their trekking into the Transvaal. The stories of 
the e.xperiences of these hardy emigrants and their conflicts 
with the natives read almost like the earh histories of the 
western emigrants in our own country. 

The matter of the earlv discoverv of the diamond is taken 
up in considerable detail and the account which the writer 
seems to regard as most authentic is the one \vhich has here- 
tofore often found its way into print. It tells of the finding 
by a farmer's child of one little white stone, which was carried 
home and left carelessly lying about upon the floor until dis- 
covered by a neighbor. Schalk van Xiekerk. to whom it was 
given by the mother of the child, and who subsequently placed 
it in the hands of a traveling trader, John O'Reilly. l*rom 
O'Reilly it passed into the keeping of the acting Civil Com- 
missioner at Coleslx^rg, Mr. Lorenzo Boyes. and then to Dr. 
Athersione at Grahamstown, by whom it was tinally identifio*! 
as a diamond. Tliis finding, however, failed to create a^.y i:rrcat 
sensation, and it was nearly ten months later that a -ec 'n! • r^e 
was found, and this at a point some thirty ir.ilcs •::>::;:.:. 

In March. iScx). a superb white J.::i:r.' :;•-: vxi^' i".: ^^^ . 
carats was picked up by a Gr:oi:a sr.o^lxr: ':• y a: .': " .- ;• ::: 
near the Orange river. This a'.s • :•:.->. '. •:: :' ^ : . - :' 
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ienfeld Bros, of Hopetown. This stone was finally purchased 
by the Earl Dudley for £25,000, and was apparently the stone 
which first made the South African fields famous. 

A graphic account is given of the motley throng of for- 
tune hunters who poured into the region after the boom was 
fairly established and the confusion of titles which arose 
through conflicting mining claims. Details are also given of 
the manner in which the mines passed from the control of the 
Dutch and the native tribes into the hands of the English. The 
history of the development of the various mining claims and 
the final consolidation through the work of Cecil Rhodes and 
the young Hebrew, Barnett Isaacs, or Barney Barnato, as he 
was called, is given in considerable detail. Abundant illustra- 
tions show all the details of mining and various stages of de- 
velopment, and much that is incidental thereto. 

What is the least satisfactory chapter in the book, to the 
scientific man, at least, is that relating to the genesis of the 
diamond. Here no reference is made to the work of Daubree 
or De Launay, though the work of Carvill, Lewis, W. Luzi, 
and Rutley is quoted. 

The closing chapter, "An Uplifting Power," has to do with 
the development of South Africa through the discovery of the 
diamond mines, and an appendix with the condition of the 
mines during the South African war. It would require no 
reference to the title page to assure the reader that both tht 
latter w^ere written l)y an Englishman and from an English- 
man's standpoint, by one who was perhaps too near the scene 
of action and too closelv connected bv tics of blood to look at 
matters from a wholly impartial standpoint. c. p. m. 
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Oin Slarlysbarkms Dnh^img. at J».lin Clir.. Mobcrg (Aftryck ur geol. 

fr)ren. i Suickholm fc>rhan«.ll.. Bd. 24, IT. 5. HJ02.) 

This is a description of the vale of Siilarp showing the outcrops 
of the several heds of shale with various species of graptolites. that 
are found along its course. The shales are Ordovician throughout. 
A map of the valley, showing the various features of interest along 
its cours:*, accompanies the paper. G. F. M. 
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A Contribution to the Petrography of tne John Day Basin. By Frank 

C. Calkins. (Bull. Dcpt. Geol. of the University of California, 

Aug., 1902, vol. 3, No. 5.) 

The John Day Basin has yielded such important contributions to 
vertebrate paleontology that its history is of unusual interest. This 
paper shows the region in a new light, namely that of an important 
petrographic province. 

Since the bcginjiing of Cretaceous time the region has been de- 
fined as a basin of accumulation, conditions of sedimentation alternat- 
ing with volcanic eruptions. It has suffered frequent crustal disturb- 
ance, and has been subjected to more or less erosion both in. recent 
time and in various intervals between volcanic outbursts. The mate- 
rial appears to be largely of pyroclastic origin. 

Considered as a petrographic province, the John Day basin seems 
to be characterized by the fact that its rocks are derived from gab- 
bro-peridotyte and granito-dioryte magmas, with an entire absence of 
rocks of the nephclin^ group. The analyses show a preponderance of 
soda molecules over potash and a recurrence of anorthoclase-bcaring 
rhyolytcs in Eocene, Miocene and Pliocene times. 

The order of succession of types affords a fairly strong confirm- 
ation of Iddings's theory that the normal succession is from intermedi- 
ate to more basic and more acid tj'pes. In the Eocene there was a 
complete cycle of this kind : in the Miocene and Pliocene a second : 
a recent ash represents the beginning of a third cycle. 

The great preponderance of pyroclastic material indicates that these 
beds were mainly of terrestrial origin, and affords further evidence 
in favor of the theory of Matthew and disproof of the lacustrine or- 
igin of these beds. i. h. o. 

Maryland Geological Stirccy, Volume IV. W- Bullock Clark. 

Since the organization, of the Maryland Geological Survey in the 
spring of 1896 four volumes of the general reports have been issued 
and three volumes of special reports. 

The present volume, the fourth in the scries of general reports, 
possesses the same high degree of practical and scientific excellence 
which has characterized the other publications of the Survey. 

A discussion of Paleozoic Appalachia or the History of Maryland 
during Paleozoic Time by Bailey Willis constitutes Part I, of the vol- 
ume, and comprises the geologic history of eastern North America 
from the pre-Cambrian time to the present. 

The paper opens with a discussion of the geologic processes which 
make geologic history and proceeds with an account of the development 
and wasting of Appalachia, the advance and retreat of the Mediterran- 
ean sea of North America, the growth of Paleozoic coa>la! plains, 
the accumulation, dislocation and folding of Paleozoic si'(liinvnt>. an<l 
the formation of post-Paleozoic peneplains. 

This exposition possesses the rare value, which the anilu)r'- pcvfi/t 
famiharity with the great multiplicity nf tact^ i)r(.v(.Mitc(l by ilic \ppal- 
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achian field, his experimental mastery of the dynamics of rock move- 
ment, his ability to draw broad generalizations and his unusual lucidity^ 
of statement, are able to gfive to it. The paper presents an invaluable 
reading lesson for college students of historical geology. 

Part II. contains The Second Report on the Highways of Maryland 
by Harry Fielding Reid and A. N. Johnson. The first report present- 
ed the condition of the highways throughout the state and outlined 
methods of improved road making. 

The present report gives an account of the work which has been 
conducted under the supervision of the Highway Division of the Mary- 
land Geological Survey: It describes some new methods of testing 
road material which have beer, devised in the laboratory of the Divis- 
ion, and closes with a report of the Baltimore County Roads Engincei. 

The report makes very clear the important fact that the highways 
of Maryland can be permanently improved by the intelligent use of 
means now available in the state without additional cost. The work 
of this division of the Survey is plainly of immediate practical value 
to the state. 

Part III. comprises a Report on the Clays of Maryland by Hrin- 
rich Ri<.s. The report opens with an elaborate discussion of the or- 
igin, properties and uses of clays with special reference to those of 
Maryland. Dr. Ries also discusses methods of testbg clays ar^d shows 
how qualities injurious to the clay for commercial purposes can be 
counteracted by the addition of proper ingredients. 

The second part of the report deals with the geologic distribution 
arxl character of the Maryland clays and their relation to transpor- 
tation facilities. 

Maryland ranks eleventh in the list of clay producing states and 
seventh as a producer of pottery and yet possesses a very large unutil- 
ized supply of plastic material. It is the aim of this part of the re- 
port to bring to public knowledge the distribution and character of this 
unutilized material. A bibliography of accessible publications on. clay 
and a directory of Maryland clay workers are appanded. 

This exhaustive report on Maryland's clay wealth by an expert in 
the subject must possess great interest for the practical operator. All 
the reports arc well and fully illustrated by maps, cuts and photo- 
graphs. F. B. 

Les roches volcaniques de la Martinique. A. Lacroix (Comptes 
Rcndus, May. 1902.). Prof. Lacroix here recalls descriptions of 
the rocks of Martinique published by himself in the Comptes Rendus 
in i8go. They were specimens of the collection of Ch. Sainte-Claire 
Deville preserved in the College de France at Paris. He showed that 
ihv presence of hypersthene in the volcanic rocks of Martinique and of 
(luadclonpc is an essential and almost constant charticter. 

"Tlie earlier volcanic rocks are divided into three groups: dacytes, 
aiultsytes and labradorytes. They form dykes, flovs and conglomer- 
ates accompanied by beds of ash. 
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"DacyUs. The iiiciliiim lypc of these rocks presents the greatest 
niinlugy. in outer aspect, with the estercllyte of San Raphael- With the 
nnkiii ive can he distinRuishcl large crystals of quartz with donble 
(erni illations, hornblende biotite, hypcrsthcno and plagioclase scattered 
in a niicrocrystailine paste of a bhnsh gray color. The rocks of Grand 
Piton, of the rocky Piton of Morne near Macouba, afford good ex- 
ample.. 

"Willi the microscope it can be seen that the hornblende and the 
biotite are in course of resorption, ihc feldspars are much zoned, gen- 
erally with the central part most basic, but often also with a succession 
of zones alternating ot two different feldspars. These feldspars are 
nearly always flnltened parallel to «■, with a combination of Carlsbad, 
albile and periclinc twinning. Their determination is therefore quite 
easy. The most common types are labradorite with oo per cent of an- 
orthite. and andesine. Vitreous inclusions with bubbles are abundant, 
as in all ihe other volcanic rocks of Mariitiique. .Ml these plienocrysfs 
have a great tendency lo unite together and form small segregations. 
The hornblende crystals arc frequently ophilic with the feldspars. 

"The paste of the rock is constituted essentially of very small feld- 
palhie microlitcs. often themselves zoned, andesine anil oligoelase. They 
are accompanied by quart?, sometimes granular, someliiues poecilitic ; 
frequently there exists numerous microlites and crystallites of hypcrs- 
thene. A considerable amount of titanic magnetite is seen sometimes in 
the microlites and sometimes in the phenocrysts. 

''Andesytes 'with hypersthenc. The pctrographic type which appears 
to be the most widely extended consists of acid ainlesytes of a light 
color, often having a porous or seoriaceons paste, rough lo the touch, 
but which, in certain cases, is more compact and acquires a dark color 
in consequence of the abundance of vitreous matter. These rocks are 
andesytes with hypersthene in which the rhombic pyroxene is some- 
times accompanied liv n little augile. The phenocr>'sts arc, b. sidi-s, 
formed of plagioclase of Ihe andesine group. They are much zoned, 
but mucii less than in the labradorites. All these crystals are dissemin- 
ated in a glassy material which is more or less abun<lant, the feldspar 
microlites of which give extinctions that are sometimes longitudinal 
and sometimes oblique, only rarely reaching twenty degrees. (Carbct 
Laillet river, west flank of Mont Pelec, environs of St. Pierre, of 
Precheur etc.). 

"In several localities the glassy matter is replaced in part by globu- 
lar <|tiart« .sponges, the secondary character of which does not apperir 
dottbtful. (Upper valley of Pirogues, summit of Morne Jacob, etc.) 

"Hypersthene labradorytes. These rocks are distinguished, generally 
by the naked eye, from the andesytes by their doleritic aspect : they are 
ustially of ii dark gray color and more or leas compact. Under the mi- 
^Mcope it can be seru, fiirthci. llwt rit- liypeisthene is often sur- 
ninded by the augite with thtir osc^ panilkl. Finally, sometimes 

ntlB i» aiVMCHk. TlUt tWodftMa Are more zoned than in the pre- 
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ceding rocks. These very regular zones indicate considerable variation 
in composition which it is easy to individualize by reason of the almost 
constant presence of Carlsbad and albite twinning. One crystal ob- 
served, presented in its periphyry zone, perpendicular to the bisectrix 
N^ extinctions of 24* (labradorite with 55 per cent of anorthite) and 
at the centre an extinction of 51*, and the latter ought therefore to be 
classed with almost pure anorthite. 

"The microlites are themselves more basic, and exceed 20**. They 
are often accompanied by microlites of augite and of hypersthene. The 
study of a large number of specimens from the vicinity of Macouba, 
from the rivers Laillet, La Garde, and of blocks obtained in the con- 
glomerates of the same regions, causes me to believe that there exists 
a continuous series between these andesytes and these labradorytes. 

"Certain ones of the labradorytes contain uo augite, but are rich in 
phenocrysts of ophitic hornblende. A homogeneous inclusion shows 
itself to be constituted of a basic dioryte (labrador-bytownite, horn- 
blende, hypersthene, augite) which ought to be considered as a deep- 
seated form of the labradorytes. 

''Augitic labradorytes. In conclusion there is reason to cite several 
rocks having a basaltic facies which are augitic labradorytes, with or 
without phenocrysts of basic plagioclase and of olivine. These are with- 
out phenocrysts of pyroxene (Fort dc France). 

"The above summary description shows that the volcanic rocks 
of Martinique constitute a petrographic series remarkably distinct, com- 
prising rocks with free quartz (dacytes), rocks without quartz which by 
order of their increasing basicity are andesytes and labradorytes. Their 
common characteristic is their common essential element, a rhombic 
pyroxene, accompanied frequently by augite and by hornblende. The 
whole series is remarkable for the abundance of plagioclase phenocrysts. 
These arc rarely homogeneous, but present the most beautiful examples 
that could be imagined of regular zones formed of differing composition. 

"To which of these petrographic types is it necessary to refer the 
products ejected to-diy by Mont Pelee? We have as yet very little in- 
formation on this point. Nevertheless the ashes that fell on the night 
of the 3d and 4th of May, the only ones that as yet we possess, de- 
scribed by Michel Levy at a previous meeting, have a mineralogic com- 
position which approaches the hypersthene andesytes described above. 
They are very similar to a specimen of the collection of the Museum 
from the eruption of August 5th, 1851, and obtained in the form of a 
coating on a tree- Yet another specimen, of coarser ash, of 1851, is 
rich in fragments of hornblende. (May 26, 1902.)" 

In a later contribution to Martinique (June 2, 1902) Prof. Lacroix 
has instituted a comparison between the ash of Mont Pelee of 1851, and 
the ash of the present eruption, and states that they differ very little, 
being very similar also to the ejecta of Mt. Shasta, in California, as de- 
termined by Hague and Iddings. They are hypersthene andesytes, no- 
tably less acid than those of Santorin (1866) or of Krakatoa, richer in 
alkalies, and poorer in alumina, magnesia and in lime. n. h. w. 
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Structural Details in the Green Mountain Region and in Eastern Neztr 
York. By. T. Nelson Dale. Bulletin of the United States Geo- 
logical Survey, No. 195. 

This is the second paper published by Mr. Dale under this title; 
the first paper appeared in the Sixteenth Annual Report of the U- S. 
Geol. Survey. (Pt. I., 1896. pp. 549-570.) Like the first publication 
the second is not a systematic exposition of the geology of the dis- 
tricts named, but a discussion of geologic details collected in the 
course of the exploration and mapping of seven U. S. Geolibgical Sur- 
vey sheets. These are the Castleton, Pawlet, Equinox and Ben- 
nington sheets in western Vermont. The Greylock sheet of north- 
western Massachussetts and the Berlin and Tracy sheets in north- 
eastern New York. 

The formations underlain by Pre-Cambrian gneiss, include the sed- 
imentary series of the Algonkian, Cambrian and Ordovician — schists^ 
quartzytes, slates, marbles, limestone and dolomytes. The intense dy- 
namic action to which they have been subjected has given rise to both 
open and close folding atid in some cases, to faulting and shearing. 
As an exceptional occurrence, however, a recupibent isocline is de- 
scribed at Dorset, Vt., on the Pawlet sheet, a little southwest of Green 
Peak. Here also is shown a tendency to pinched folding which is more 
fully developed to the north on the Castleton sheet, at Pittsford. Some 
of the folds have suffered elongation so that the beds are thinned 
along the limbs and thickened at the crest. 

Perhaps the most noticeable feature of this locality is an over- 
thrust fault which begins at Pittsford and extends south for about 
ten miles to the town of Clarendon. The tangential force has been 
of sufficient intensity to produce a thrust fault whose strike is nearly 
north and south. The relation of the faulted beds is well shown on 
Boardman Hill north of Clarendon where Cambrian quartzyte on the 
east side of the fault is in contact with Upper Ordovician schists of 
the west side. There are two excellent plates which show how the over- 
turned major folds of the Cambrian quartz>te are plicated by minor 
folds. In Arlington at Roaring Brook on the Bennington sheet, shear- 
ing- accompanies folding. The shear is indicated by borings of the 
Scolithus which were originally perpendicular to the bedding but are 
now deflected many degrees from verticality. 

The remainder of the paper is for the most p^rt devoted to the 
discussion of the lithologic character of some of the formations, as 
well as to their structural relations. The Vermont marble is not a 
pure crv^tallinc limestone, but i'^ made up of coarse grained calcit. 
marbl? interbedded with a fine grained rock which, by chemical anal- 
ysis, was proved to be a dolomyte. Since l>oth marble and dolomyle 
have imdergone the same pressure, the difTcreiici' in trraiii nin>t l)e 
due. either to a diffcTcnce in ihvir behavior und-jr i)rc^>nrc or to a 
difference in the original se<linient<. The Ordoxician ^olii-t- >>i the 
region are mor? intere-^ting ; ilie ooTi<tiineTit< are nui-r.n it-. . c;!art7. 
chlorite, magnetite and albite feldspar wiili which are a^-^ooiatod 
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graphitic streaks parallel to the bedding. Shearing has also produced 
in the rock, a slip cleavage at right angles to the bedding. The rock 
is defined as a feldspar schist developed from a sediment. The pres- 
ence of albite places the formation among the gneisses. It is not un- 
like much of the schistose mica-gneiss of the Piedmont plateau. 

The paper closes with a discussion of the doubtful conformity of 
the Cambrian rocks on the Pre-Cambrian gneiss. Good contacts are 
few but three are cited in the Green mountains where there is an 
evident unconformity in the strike of the rocks. As yet the discrep- 
ancy has not been explained which exists between these localities and 
bthers on Hoosac mountain, where the contact is conformable. Fur- 
ther study of this and other rcjrions is necessary vo harmonize these 
observations. a. j. 
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CORRESPONDENCE. 

Apatite crystals, Antwerp, New York. The following is the 
iinalysis of somi! crystals of apatite that were <)l)lainvil nvar Antwi'ni, 
JefT'.Tsim Co., New York, some lime ago. Tlity wiTi' olive grei-n prisms 
am! were about two ceti I i metres long, ami eight niiilinKtrts in <li* 
anieter. The analysis was made in the chemical lalioraii'ry of O'rnt'll 
college by assistant Frank L- Hann. 

CaO 48.20 

PiO, 41.00% 

Ca,(PO.). 89-20^0 

SiO. 0.60 

AW, 9.00 

_lf-.Hii/ W-riwn. loMi. Ih-e. -24. I'joz. nkhoi.as kntcht. 

Fall Excvksions of the (Ieotwicai, DEfARTMEST. Columbia Uni- 
VERSITV. Till' weekly fall excursions of the Columbia geological de- 
partment closed, as usual, on the last Saliiriiay in November. These 
are usually half-day excursions and take [dace on Saturday forenoon, 
I..ocal sheets of the V. S. Gcoliiftital Survey, note books, hammers and 
compasses are necessary for each panicipanl. Each excursion is guid- 
ed by at least one otScer of the department. New York city, especially 
Ilarlem and its environs, is an ii^'al place for short excursions of e.v 
ceplional geological iillcresi. The university itself is situated upon the 
area of the Manhattan schist which is I^Oieved by 'late gu-.di)gist Mer- 
rill to he niclamorphosed Hiid,<on River shale. This schi.'t is excecii- 
ingly full of pegniatylc ilikes in which there is frequently a great 
abundance "f lourmnline. There are also veins or interbeiUled strata 
. which are now hornbl-.-mie. These are I'f iirobUmalic origin. In places 
they are very numerous varying in width from a fraction of an inch to 
several feet and in length extending at times thrimgh an entire outcrop 
several hundred feel. They frequently eml very abruptly. The Man- 
hattan schist is at times so full of garnets as to merit the name of gar- 
net schist- This is well shown just north of the convent of the S:icre(l 
Heart on 135th St. near Amsterdam Ave. There are tine examples of 
pinched folds in Ihc Manhattan schi.^t where foliled in the mnre gneis- 
soid strata. The schist is fniiiicntly pinched into complvte cylinders. 
These were noted and described many years ago by I'riif. l)aii.i. 

The Manhattan schist rests, apparently confcrmably, ii].on the In- 
wood limestone. This Is a very coarsely cry^talli.u- rnck which with- 
ers into a coarse lime-sand. On accoiml nf its ureal ^oliibii'iy it n-n- 
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St. and forming the valley between the hights of Columbia University 
and those upon which the convent of the Sacred Heart is situated is 
frequently brought forward in support of this view. In this rock at 
the contact with pcgmatyte dikes very good specimens of foetid quartz, 
phlogopite, white pyroxene and brown tourmaline are obtained. The 
Inwood limestone, called by Merrill Cambro-Silurian, is exposed at 
/th Ave. and 155th St., and at the typical locality Inwood, immedi- 
ately north of Fort George (Amsterdam Ave. and 119th St.) 

Beneath this limestone is the Fordham gneiss which is thought tc 
be of igneous origin and of Archean age. An unquestioned exposure 
of this rock is not known upon Manhattan island ; but north of the 
island arc abundant exposures. 

Above the Manhattan schist is the Triassic sandstone which is well 
shown on the western side of the Hudson. The base of this sandstone 
a conglomerate, is well exposed in a cut made by the West Shore R. R. 
at Stony Point- The sandstone is penetrated by the Palisade sheet of 
diabase. The sandstone both above and below the diabase is baked 
into a hornfels in which the characteristic metamorphic minerals are 
usually present. In places this becomes a tourmaline hornfels from the 
great development of that mineral. The effect of the cool walls upon 
the intruded igneous mass is very evident as one follows the sheet from 
its lower to its upper contact on the sandstone. The middle of the 
sheet is very coarsely crystalline but becomes quite fine grained as the 
wall is approached. Mr. A. L. T. Quereau has lately given the re- 
sults of his study on the subject in the School of Mines Quarterly, 
Vol- XXIII. This diabase sheet with its columnar jointing forms 
the well known Palisade on the west bank of the Hudson river. The 
lower contact is well shown at the 130th St. ferry. Here is an excel- 
lent place to note the gradual change in the texture of the diabase as 
the Palisades are ascended. The upper contact is shown at the tunnel 
of the West Shore R. R. at 34th St. ferry. Besides the intruded sheet 
there are above 11, farther west in New Jersey three surface flows; 
for the upper surface of each is amygdaloidal. The first or lowest 
flow is well shown at Feltyville. At the Great Notch on the Green- 
wood Lake division of the Erie R. R. is an excellent place for the 
collection of minerals. These occur between two of these surface 
flows in the interstratificd baked shale. Here arc found quartz, cal- 
cito, analcitc, hculandite, stilbite, prehnite, natrolite. datohte, pectol- 
ite, chabazitc and other minerals. Faults are (^uite numerous in the 
Triassic, one of which is exposed at KingsfMDint near Hoboken. 

.'\noiher interesting rock which the classes always visit is serpen- 
tine. It is well exposed in Hoboken at Castle Point. The problem 
of its origin i^ still debated, but is thought by most to be an altered 
pcridotytc or pyroxenyte, since the presence of pyroxene, amphibole 
and olivine lias bcjn determined. The processes of serpentinization 
are liowcvcr nearly complete. This is the home of various magnesian 
niincraN :»> l)rucite, ncniolite and magnesitc. Chromite is also 
abundant. 
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Good illustrations of peneplains are seen here on all sides in the 
uniform hights to which the different rocks have been eroded. The 
gneiss schists sandstone and dikes rocks varying much in hardness, 
have been eroded approximately to the same level. Many other points 
in the physiography of the region are impressed uiK)n the student:^ in 
their trips. Glacial drift and striations are abundant in and about the 
city. 

On election day an all-day trip is taken to some point within fifty 
miles of the city. This fall it was up into the Hudson River high- 
lands. The West Shore R. R. was taken to Grassy Point and from 
there the class walked to Ft. Montgomery. On the way excellent ex- 
posures of Champlain clays were noticed and the consequent develop- 
ment of the brick industry. Near Stony Point where lunch was eaten, 
the Basal Triassic conglomerate and the contact of mica schist on 
the Cortlandt eruptive series were noticed. North of Stony Point fine 
exposures of Cambrian limestone were examined carefully for fossils 
but none were found. Farther north still the class entered the high- 
lands with its Archcan gneiss, trap dikes and celebrated scenery. 

HENRY W. SHIMER. 



PERSONAL AND SCIENTIFIC NEWS. 



In the winter course of lectitres of the Chicago Acad- 
emy of Sciences are the following geological topics : The Yel- 
lowstone National Park, Charles Truax ; Some methods of 
Geological field work, U. S. Grant; Flying reptiles, S. W. 
Williston. 

The United States Geological Survey has commenced 
another series of publications, denominated "Professional Pa- 
pers." The first of this series is that of Dr. A. H. P> rooks, re- 
cently issued, *' Preliminary report on the Ketchikan Mining 
District of Alaska, with an introductory sketch of the geology 
of southeastern Alaska.'' 

Geological Society of Washington. At the meeting of 
the society on January 14th the following program was pre- 
sented : *'An instance of replacement of mortar l)y metallic 
copper," Arthur C. Spencer; "A genetic classification of ore 
deposits," Walter H. Weed. The discussion of the last j)a])er 
was led by Messrs. Emmons, Lindgren. Spurr and Ran some. 

The Rath Furnace Meteorite fell at liath Ininiacc, 
Kentucky, on the night of November 15. It was found l)uric<l 
about a foot and a half in the ground. Its weight is abcnt five 
pomids. It was observed from Xcw ( )rleaiis nortliward. It 
is now in the Ward-Coonley collection, on (U'jxisit in (he 
American Museum of Xatural Ilistorw It i^ of ^ra\ shun 
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material, and is supposed to be only a part of the original mass 
that entered the earth's atmosphere. 

Dr. J. W. Spencer, accompanied by Mrs. Spencer, left on 
Jan. 7 for the Windward islands, intending to be absent for 
over three months, where six years ago he also spent over five 
months. Dr. Spencer is investigating the submarine Carib- 
bean ridge extending to South America. He has found that 
an ()lig(x:enc white limestone underlies the St. Martin grouj) 
and Antigua, and he will re-examine these islands with the 
view of more detail, the volcanic phenomena being a second- 
ary consideration. 

The American Institute of Mining Engineers will 
hold its eighty-third meeting (the thirty-third annual meeting) 
in Albany, New York, beginning February 17, 1903. The 
headquarters and places of session have not yet been an- 
nounced. It is expected that at this meeting trips will be tak- 
en to the shops of tihe General Electric Company, and there is 
a promise of several interesting papers on electricity as ap- 
plied to mining. The Institute has accepted an invitation to 
hold its August meeting in British C'olumbia, and in connec- 
tion with this meeting there will be an excursion to Alaska. 
The library of the Institute now- numbers some ten thousand 
volumes on mining and geology, and this library is now acces- 
sible for the use of members. 

Xew Mexico Academy of Sciences. At the winter meet- 
ing of tlie New' Mexico Academy of Sciences, held at Las 
Vegas in the a>sembly hall of the Normal University, Decem- 
ber 22-23, lion Frank Springer w^as elected president, Dr. 
Charles R. Keyes, vice-i)resident, and Prof. W. G. Tight, sec- 
retary-treasurer. 

The following geological ])apers were read : Theory of 
Meteoric Agglomeration and the Migratirm of Ore Materials, 
by Dr. Charles R. Keyes; History of the Rio (irande at Albu- 
(|uer(iue, iVof. W. (1. Tight; Louis Agassiz, by Mr. . l^Vank 
Springer; .Analyses of New Mexict^) Waters, by Prof. F. C. 
Lincoln ; Relations of Moisture in Mesa Soils, by Prof. C. L. 
•Magnusson; Gyj)sum Deposits of New Mexico, by Mr. Harry 
llcrrick; (icological Structure of New Mexican Bolson Plains, 
by Dr. Charles R. Keyes; Scnirces of Errors in Our Land Sur- 
veys, by Prof. O. R. Smith; Geological Sketch of the Sandia 
Mountain.-, by Prof. \V. G. Tight. 

A committee of three, consisting of Dr. Charles R. Keyes, 
]\)u. I'Vank Springer and j)rofesK)r W. (i. Tight, was aj)- 
])oinlc(l to ])resent the matter of a geological survev to the 
\\'\v Mexican legislature this winter. 

Resohilions were ])assed recommending to Congress the 
(Irsirahility of establishing a National l^thnological Park north 
of S:inta T'e. in one (►f the richest districts of ])rehistoric ruins 
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in the world. The object is to. preserve this intensely interest- 
ing" region from further depredations and vandaHsni. 

TllK LATli MKKTIXGS OF Till-: GlCOLOClCAL SOCIETY OF 

A.MKKUA, of the American Association for the Advancement 
of Science, and of over twenty other scientific societies, at 
Washington, were an event of noordinaryimi)ortance for Amer- 
ican science. Xo such gathering of scientific men resident in 
America ever before took place. The only meetings that could 
be compared with it were those of the joint meetings of the 
r>ritish and American Associations for the Advencement of 
Science, or some of the international congresses held in Amer- 
ica. The number in attendance on the Geological Society of 
America was about 115, the largest meeting hitherto having 
been 80. Section E of the Association and the (jeological So- 
ciety held joint meetings, the papers listed being more than 
90. Most of these were presented in the meeting room of the 
L'. S. Geological Survey, but a series of papers relating to the 
West Indies were given in the Columbian l^niversity. An 
illustrated popular lecture on the volcanic phenomena of Mont 
Pelee w^as given by Prof. T. C. RuSv^^ell, and the retiring ad- 
dress of president Winchell was given in the Xew Willard 
hotel. Mr. John Hays Hammond gave a popular lecture at 
the Lafayette ()f)era House, on "King Solomon's mines, or 
the mines of Ophir." The week was diversified with numer- 
ous dinners, luncheons and rece])tions and with visits to var- 
ious public buildings. 

Owing to the crowded condition of the meetings, several 
of the sections and affiliated societies suffered from the friction 
and the duplication of the machinery of administration, but it 
was only for the relief of Section E that the Council of the 
Association t(K)k general action, in the adoj)tion of the follow- 
ing resolution : 

Resolved, That Section E is hereby authorized to Mispend its sci- 
cntilic program of the reading of papers at any winter meeting when 
thj (ieological ScKiely of America meets in conjunction with the As- 
sociati<m; f^rovidcd, that the Geological Society includes in its pro- 
gram the papers of worthy character (^tiered by meml)er.<, of the Sec- 
lion who are not fellows of the Society. 

The Association, lunvever. reijuires each Section to hold 
at least one afternoon meeting, during each general meeting of 
the Association when a program of general interest shall be 
presente<l. At such meeting it is likely that in future the ad- 
dress of the retiring chairman of Section }'' will W heard. 

The new president of the ( Ieological Society is S. I*'. Em- 
mons, Washington, and the vice-iH-c^idcnt. Section \\, \< 1. C. 
Russell. Ann Arbor. Tlu' lu-xt annual nu'etiniLi- will W convo- 
cation week i(>o3-()4, ai St. K<tni>. Tlu- new j)rc^i(U'nt r^f the 
.\nierican As>ociati«»n is ran<»|| 1). W'ri-ht. Wa^liini/ton. 
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The following pages are derived from studies carried on at 
intervals during the writer's stay at Jemez Pueblo as govern- 
ment farmer. While there he took work by correspondence 
in the University of New Mexico; and the original reports, on 
which this paper is based, were submitted, for the most part, 
to Dr. C. L. Herrick. then president of that university. 

In submitting this paper the writer gratefully acknowledg- 
es the assistance of professor G. J). Ilaggett, who accompan- 
ied him on several of the expeditions upon which this pai)er 
rests and whose photographs are here used by his permission. 
He w-ishes also to acknowledge his special indebtedness to 
both Dr. C. L. Herrick for the valuable aid rendered him whm 
studying the region, and also to Drs. J. W. P.cedc and 1\ \'. 
!Marsters for their personal aid while the pcijxjr was l)rini^ 
written. 
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General Description. 
This region is in northwestern New Mexico between longi- 
tude 106** 20 and 107® west, and latitude 35® and 36® north. 
Roughly speaking, it is a triangle with its apex toward the 
south. It is bounded on the southeast by the San Dia moun- 
tains, on the southwest by the Rio^Puerco, and on the north 
by the upper plateau of the Jemez mountains. Its principal 
river is the Rio Grande, and its commercial center is Albu- 
querque. The Santa Fe railroad enters this section at the 
northeast near Thornton, and passes through it just to the east 
of the Rio Grande to Albuquerque. At this point the road 
branches, one branch of the system going to El Paso, Texas, 
the other, the Atlantic and Pacific, to California and the Pa- 
cific coast. 

History, 

Some parts of this section have been visited by geologists 
in the last twenty-seven years. Professor E. D. Cope visited 
the region lying between Algodones and Placita in 1875 '» ^"^ 
while there hje found Pleistocene deposits overlying Tertiary 
and Cretaceous rock. In the following year he also visited the 
Puerco marls at the source of the Rio Puerco. Dr. C. L. Her- 
rick has described at considerable length, the southern portion 
of the section in volume I of the Bulletins of the University of 
New Mexico. Among his subjects treated in that bulletin, 
which will receive notice here, are the "Pleistocene marls" 
(here called the Zia marls) and "The Rio Grande loess." He 
also describes some of the volcanoes of this region in the same 
bulletin.^* A further discussion of the above citations will be 
given when the respective areas concerned are considered. 

Structure. 

Nature of rocks. — The rocks of this area are intrusive, 
eruptive, and sedimentary. The intrusive rocks are the cores 
of the mountains of Jemez and San Dia; and the dikes 
throughout the entire region. They are granites, porphyries, 
gneisses, et cetera. 

The eruptive rocks are the volcanic plugs, lavas, and tuffs. 
The lavas are basalt, trachyte, and rhyolyte. Obsidian also 
occurs in large quantities on the Jemez plateau. All the erup- 
tive rocks, except the trachyte-rhyolyte lavas, will receive at- 
tention under the subject of "Geography and Physiography." 

• The numerals thus used (1) refer to references at the close of this paper. 
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The trachyte-rhyolj-te lavas underlie the tufa in the vicinity of 
Pelado and the Valle Grande country. Their entire thickness 
was not ascertained, though 400 feet of these lavas, in vertical 
section, were measured to thie east of the Jeniez river in the 
vicinity of the Jeniez sawmill. 

The sedimentary rocks are the countrj' rocks of nearly the 
entire region, where not covered with lava. They were laid 
down in the seas and lakes that surrounded the islands which 
now form the high mountains of San Dia and Jemez. These 
deposits date back well into the Carboniferous, and continue 
almost without break to recent times. 

General sections. — In order to give an idea of the general 
stratigraphy of the region under consideration, three genera! 
sections will be given : ( i ) extending from Jemez peak in the 
Xaciniiento mountains to the fault at the foot of the San 
Dias; (z) from the same peak south to the Rio Puerco; (3) 
from La \'antana on the Rio Puerco to Tejon, north of the 
San Dia mountains. 

In passing from Jemez peak along the first section, we tra- 
verse four miles of the Jemez-Xacimiento mountain core of 
granite and red orthoclase; then over Carboniferous, Permian, 
and Red Beds. The three latter are conformable and dip at a 
steep angle toward the southeast away from the mountains. 
Beyond the Red Beds is a small patch of Pliocene one-half 
mile in width, witii strata dipping gently to the north. Pleis- 
tocene is then encountered, and continues with strata nearly 
horizontal for about two miles, when Pliestocene recurs with 
strata dipping slightly to the northwest. These strata form 
the east bank of the Jemez river at San Isidro. After crossing 
this deposit we again come upon the horizontal beds of the 
Pleistocene of the Jemez river on the east side of the big bend. 
After crossing this flood plain, about two miles in width. Cre- 
taceous strata crop out. These rocks dip toward the south- 
east. On climbing up the divide, we enter upon the Zia marls 
which continue to the Rio Grande, a distance of twenty -eight 
miles. The alluvium of the Rio Grande valley extends from 
the west bank of this river to the foot of the San Dias. a i!i>- 
tance nf about twenty miles. 

Tlie second section Irom Jemez peak S'lutli t'l the Ri.! Pu- 
presents the following surface exppis-,iri-s: three miles of 

[tie, seven miles of Red Bed strata, ilippini:: at a great 
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angle to the southwest, followed by a mile of Pleistocene in 
the Salt River gap. After crossing this gap, there are three 
miles of gypsum-capped Jurassic rock, with strata dipping to- 
ward the southeast at a considerable angle, followed by Cre- 
taceous, which extends for two miles or thereabouts. The 
area here is much broken. The rocks all dip toward the south- 
east. At the south edge of the Cretaceous area the Fort Un- 
ion coal is brought to the surface by a succession of minor 
faults and a major fault. The Fort Union is exposed for 
nearly a mile. Then the Puerco clays are to be climbed over 
for about a half-mile. On tracing the top of the divide to the 
south of the coal fields, the strata overlying the Zia mesa are 
the Zia marls. These continue in unbroken series to the Rio 
Puerco. 

Traversing the section from La Vantana to Tejon, we cross 
the following country rock: from La Vantana for a distance 
of six miles the strata are Puerco ; to the southeast of this is 
a small gypsum patch (Jurassic) probably a mile in width. 
This gypsum together with the above mentioned Puerco dips 
west at a considerable angle. Leaving the gypsum, the ex- 
posed granite core of the Nacimiento mountains, some six 
miles in width, is crossed. To the east of these mountains 
the country rock is Carboniferous, the strata of which dip at 
a steep angle toward the southeast. Crossing the Jemez river 
at Canon, the exposed rocks for three miles are Red Beds, fol- 
lowed by Pleistocene and Eocene respectively. The Eocene 
continues to and beyond the Rio Grande for a distance of 
twenty miles ; but throughout the greater part of this distance 
it is overlaid with lava flows. From the Rio Grande east of 
south, for seven miles, the country is Pleistocene, Tertiary or 
Cretaceous, depending upon the amount of erosion. Beyond 
this point we pass over about a quarter of a mile of Carbon- 
iferous rocks; and then one mile to Tejon, over Red Beds 
strata which dip at an angle of 45** to the east. 

Nacimiento Mountains. — The Nacimiento mountains, the 
west extension of the Jemez group of mountains, have a core 
of red feldspathic porphyry (commonly called granite) and 
red orthoclace. The latter occupies a peripheral position and 
in one instance extends to the east of the main range for a 
short distance. A spur of eruptive granite also extends south- 
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east from the main axis. This dike of granite separates the 
two Red Bed mesas, which dip in opposing- directions from it. 
Another dike crosses the country in an east and west direction 
on a line with the Soda Dam, the waters of which are forced 

• 

to the surface by the dike. The dike is 800 feet wide, and pro- 
trudes up through the Carboniferous and Red Beds strata. 
The rocks of this dike are commonly called granite; but in 
fact they are eruptive gneiss of the protogine type. The main 
ridge of the Nacimiento mountains is one solid mass of por- 
phyry of the true Rocky Mountain axis (Cope), and extends 
in a north and south direction for many miles. It was once 
covered with sedimentary deposits; but since the uplift these 
deposits have been removed by erosion so that the entire crest 
is composed of porphyry. Tlie dipping of all the sedimentary 
deposits on the flanks from the main ridge indicates that the 
ridge is intrusive. The successive decrease in the dips of the 
sedimentaries suggests tiiat the whole area has been subjected 
to uplift at different periods. This will be mentioned later. 
The absence of the Carboniferous at the south and also at the 
west indicates that this extension of the Jeniez mountains was 
partly at least the result of a faulting on the western side. The 
age of the uplifting seems to be established, because at the 
south of the ridge here the Carboniferous is wanting. Red 
Beds are deposited against the granite walls, and rest upon a 
granite floor w^hich is a part of the mountain's ridge. As I 
say, this seems to indicate the age of these mountains and that 
it is as early as the beginning of the Carboniferous ; but data 
are wanting, at this time, to explain the apparent relations 
referred to. 

Cochiti Range. — In the Cochiti range from Pelade east to 
Peralta canyon and the mines of the Cochiti gold mining com- 
pany, the core is granite, the same as that of the Xaciniiento 
mountains. On top of this is gneiss, over which arc volcanic 
rocks and tufas where they have not been removed. From the 
top of the divide east of Pelado along the western side of this 
projection the exposed rock is intrusive pori)hyry of tlie labra- 
doryte type. At the south occur the basaltic lava flows which 
have covered the area so that it is difficult to tell what the un- 
derlying rock is. At a point five miles northeast of Valleciete 
Viejo a fault exposes Eocene strata. This fault continues for 
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many miles in a north and south direction; and often shows 
a thousand feet of displacement. This uplifted tongue of lava- 
capped Eocene strata is the southern prolongation of the 
Cochiti range. 

At no place where examined did rocks older than Tertiary 
lie upon the flank of this range ; but it is said that on the east 
side, which part was not visited, Cretaceous and even earlier 
stratified rocks are found. The faulting of the Eocene on the 
south of the range and the elevating of the same, indicates 
that these mountains were re-elevated after the close of that 
epoch. 

The Plateau, — Turning now to the main plateau of the 
Jemez mountains, the writer will state that he has visited but 
little of it. This plateau is often spoken of as the basaltic pla- 
teau, but the basalt seems to be more on the flanks of the 
mountain than on the plateau. The central portion of the 
plateau, like that of its extended rim, is feldspathic porphyry 
(granite). On this, in the Valle Grande country, there is at 
least 400 feet of rhyolyte in situ over which is tufa varying 
in thickness from forty to a h'undred and forty feet in its 
original position. Pelada is the culminating point in these 
mountains. 

The San Dia Mountains, — To use the words of professor 
Jenks^ "The central core or axis of the San Dias is generally 
granite, a metamorphic or changed rock of Archean age.'* The 
San Dias are everywhere capped with Carboniferous strata. 

Sedimentary Deposits, 

The sedimentary deposits of this region, beginning with 
the Carboniferous, are: 

Carboniferous, 

There are two Carboniferous districts ; one in the 
San Dia uplift, the other in the arch of the Jemez uplift. 
The former was not examined closely by the writer, except at 
a point north of Tejon where several specimens of Productus 
piinctatus were found. The Carboniferous of the Jemez moun- 
tains is patchy. The patches flank the mountains within the 
arch from near Jamez peak to the vicinity of the soda dam. 
They have an altitude of about 7000 feet at their upper term- 
inus. The formation in the southern patch reaches as far east 
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as the Canyon de Los Jeniez. On the western side of this patch 
the strata dip southeast at an angle of 40^ and on its eastern 
terminus west at a still greater angle. The rocks of this age 
exposed in the Jemez arch are limestone and shale; Carbon- 
iferous shale appears in the lowest exposed strata. The thick- 
ness of all the strata exposed is about 700 feet. The rocks are 
upper Carboniferous as is attested by their fossils. Among 
the fossils identified bv the writer and bv Dr. C. L. Herrick 
are: Spirifer striatus, Sctninula argcntia (Athyris subtilita), 
Productus mcsialis, P, punctatus and P. nebrascensis, and My- 
aliftii subijuadrata. 

The Permian. 

Resting confonnably upon the Carboniferous strata 
arc from 100 to 200 feet of reddish brown calcareous 
sauilstone and shale. This area is divided into two parts by 
the gnmite dike which extends to the southeast through this 
region irom the south tenninus of the Xacimiento mountains. 
The strata of the Permian on the one side of this dike dips 
southeast and on the other side toward the southwest, that is. 
awav frvMU the dike. That these strata are Permian is bevond 
question. Many Permian fossils were found by the writer, 
among which was Pscudi>mk^nit!S kazi^ii. To be sure that 
the writer was not mistaken in his decision, he submitted many 
of the fossils of these bevls to Dr. C. L. Herrick with the result 
that his identitication was confirmed. The strata here described 
are Pcnniau. 

The Kcki Ft\is, — Inuneviiately overlying the known Per- 
ntian attd cvMtformable with it are blood revi sandstones and 
shales fading: out to wlr.re at the surface of the nie>a. The r^vks 
are sv> revl that tlK\v reticct the rays of the sun. and in the mom- 
it\g the retiectevl revl light t>\^::i these red niesas shines in a: 
the west windows of the houses a: Jeir.tz. a :::i'e awiiy an.: 
gives everytHi"g a peculiar appearance. I'lxx* feer of :':esc 
Re\l Ik\1 strata are exposevi here. The arva o: :he :-v: 
prev:ou>A rr.ctuioned. aggreguzes ar«:u: :h:rt ;-><:'. cr: 
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nearly the whole space to the south of Pelado between the San 
Diego canyon and Vallecieto creek, nearly as far south as 
Jemez. There is another small patch to the southeast of Valle- 
cieto creek south of Vallecieto Viejo. 1600 feet of Red Beds 
strata are exposed here in vertical section in several places but 
as the strata dip at a considerable angle toward the southeast, 
their true thickness must be less. 

Another area appears to the south of Canyon Honda east 
of Jemez with strata dipping east at an angle of 45®. Only a 
narrow ridge now remains of these beds at this point. A 
patch is exposed several miles southeast of Cabizon, but the 
writer knows little of it. The last Red Bed patches of this 
region occur as outcrops along a spur of the San Dias which 
extends in a northeast direction, one patch being just to the 
west, another just to the east of Tejon. The strata of these 
beds are brought to the surface by faulting. The west patch 
is underlaid by the Permian and Carboniferous with which it 
seems to be conformable. The Carboniferous here mentioned 
is the small area east of the Rio Grande near Tejon, mentioned 
in the Carboniferous discussion. Tliese Red Beds dip east at 
an angle of 45®. They differ from the other Red Beds, above 
mentioned, in that they are capped with forty feet of cherty 
vesicular limestone on the top of which are about a hundred 
feet of light colored sandstones which in turn are covered with 
a yellow limestone cap. The aggregate thickness exposed is 
about 500 feet. Some have called the lower strata "Trias" and 
the upper Cretaceous^ ; others have called the whole Juratrias. 
But it is the opinion of the writer that they all belong to the Red 
Beds series, since the strata, as a whole, seem to be conformable 
with the underlying Permian and Carboniferous. It is quite 
possible that this area was not broken up and raised above the 
sea till after the Jemez Red Beds had been made land. This 
would account for the lime and sand deposits being conform- 
able with the Red Beds below in the same series. They are not 
Cretaceous because thev are conformable with the Red Beds and 
Cretaceous at no place where observed is conformable with 
these rocks. As further evidence that these limestones and 
sandstones are not Cretaceous, the gypsum rests upon them to 
the east, separating them from the Cretaceous. This gypsum 
is the same in structure and appearance as that visited in tlie 
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west by Cope, Newberry and Marcou and called Jurassic by 
thorn. The limestone and sandstone above mentioned there- 
fore can not be Cretaceous and undelie the Jurassic ; but must 
bo of the same age as the Red Beds \nth which they form an 
unbroken series. 

A^c of the Red Beds, — The Red Beds of the west, on ac- 
cmuu of their being non-fossiliferous and red in color, have 
Ixvn called Trias : and even the Red Beds flanking the Jemez 
plateau at the Rio Chama and in the vicinity of Xacimiento 
have been calleil Trias by Cope for the same reason. Others 
have called them Carboniferous. They are conformable with 
the known Permian at Jemez: and this Permian, in turn, lies 
ciMifomiable on the Carboniferous. They can not therefore be 
CarlKMiiferous. There is no positive evidence that they are 
Triassic, though Co|x\ XewlH?rrv and Marcou referred them to 
that sy>tem. In speaking of the formation at Caiicn Caugilon 
just north of the Jemez mountains. Cope says*: "The sand- 
stone of the north half of Canyon Caug^ilon is Cretaceous 
numlHT I. thickness 800 feet. Below it is the g>psum usually 
referrevl to the Jurassic. 50 feet, and doubtless inseparable 
fn.MU tlie brilliantly cv'^lored be\ls below « 403 feet* which are 
state\l by Hay den to N? Jurassic beds. The hard sandstone 
underlying these is ib.e upper member of the bevls that corres- 
|XMul to Trias of the Colorado section." 

SiiKo the survey frv>ir. which Cope made his report was 
tinishcvl. luap.y gev^!ogis:s !iave investigated the Red Be\ls in 
dittereiu |virts v^f the west and have dem*.xistratev: :hat :hey 
can no k^io^r be oalW. Trias sirs'.p! v because thev are reti and 
iKHi-?V>sr.:terv"i:>. Foss:!^ have been founvi :r. s-^n'.e 'xTt-:::e> 
which s^vw :hat the !ower p. rti.'^r.s, a: Icas:. :: :::e Re-: Pe-is 
arv Pcnrvia::. 

\\ a .e::er tv^ :r.e wr.tcr :xar.r.^ :r.c /..i:c : a::::.'.'^. j-::. 
|vxv\ IV. C I- Herrick Svi^s: 'V.\ 
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The Gypsum Series. — The gypsum series consists of dark 
blood red, soft sandstones and variegated shales, covered in all 
cases where exposed, with a gypsum cap. These rocks most 
always rest upon tKe Red Beds, above mentioned ; but the writ- 
er was not able to determine whether they were conformable 
with the Red Beds or not. Tliey, however, seem to be con- 
formable. 

These series only occur in patches. One large area is 
known as Mesa Blanco. Another area is just across Salt river 
opposite Mesa Blanco. Several exposures lie west of the Xac- 
imiento mountains. A very small area is exposed about six 
miles southeast of Jemez Pubelo north of the Jemez-Santa Fe 
wagon road. Other areas are exposed northeast of Tejon. 

Mesa Blanco is situated three miles southwest of the Mex- 
ican village of San Isidro south of Salt river. Its northern 
border is a fault scarp 600 feet in hight. This scarp faces Salt 
river which rests on the down faulted portion to the north of 
the fault Hne. Of this 600 feet the lower 550 feet arc com- 
posed of characteristic dark blood red sandstones and varie- 
gated shales of the series. The upper fifty feet are g}'psum. 
The northern border of Mesa Blanco is eight miles in length. 
It tapers to a point at the south. Its area is about half a town- 
ship. Its strata dip to the southeast at an angle of 40^ 

Just to the west of this mesa, and standing against it, is a 
ridge of this series which extends twelve miles in a north and 
south direction. This ridge averages about a half mile in 
width, though in many places it does not exceed 100 yards, 
notwithstanding that, its altitude is most always from 300 to 
500 feet greater than that of the surrounding strata. The 
gypsum is on the western slope.. It dips west at an angle ex- 
ceeding 7o^ This ridge is the southern extension of the Nac- 
imiento mountain uplift. 

The gypsum area north of Salt river and opposite Mesa 
Blanco, occupies a space of less than forty acres. It is sur- 
rounded on all sides, except the west, by Pleistocene and Ter- 
tiary deposits. The rock to the west is the Red Beds series 
from which it is separated by a fault. The strata of this area 
dij) south and a little east at an angle of 40°. The uppermost 
exposed rock is a thirty foot gypsum stratum. This g>'psum 
is of good quality ; and is used by the Mexicans and Indians 
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for A^arious purposes. They burn it and then whitewash their 
houses with it. 

Several gypsum-capped patches, each of small area, flank 
the Nacimiento mountains on the west. They were islands 
or isthmuses in Cretaceous time, as they are all entirely or 
nearly entirely surrounded with Cretaceous deposits. 

The gypsum-capped area southeast of Jemez Pueblo is a 
still smaller one, not more thian five acres being exposed. It 
is surrounded on all sides by Tertiary beds, which indicate that 
it remained an island even to the close of the Tertiary period. 
The strata of this area dip northeast. 

To the northeast of Tejon there are several gypsum patches. 
They all occupy valley positions, all are small, and the strata 
of each dip east at an angle of 40®. They may cap the Red 
Beds series there, but the strata are too much broken to give 
anything definite on the subject. The easternmost of these 
patches dips under the Cretaceous, which will receive atten- 
tion later. 

Age of the Gypsum, — The gypsum series here described 
occupies a position between the Red Beds and the Cretaceous. 
By some geologists it has been correlated with the Red Beds, 
and the whole called Juratrias. By others it has been desig- 
nated as the gypsum series and left at that. But Cope, who 
visited the section north of the Jemez plateau, has called it Jur- 
assic ; and in speaking of the g}^psum series at Canyon Caugi- 
lon, he says: "The g>'psum is that usually referred to the 
Jurassic — ...and doubtless inseparable from the brilliantly 
colored beds below which are stated by Hayden to be Jur- 
assic."* 

The Cretaceous Strata. 

In this paper the writer will consider the Fort 
Union beds and the Puerco marls as Cretaceous for 
reasons which will be given later. He will then havo west 
of the Nacimiento mountains 1000 feet of Puerco marls at the 
head waters of Salt river. Just south of these marls the Fox 
Hills comes in, and continues from the Jemez group of moun- 
tains near Jemez peak in a curve to a point below Cabizon on 
the east side of the Rio Puerco. They also extend west of that 
river farther than was visited. They arc covered with later 
deposits west of Cabizon. South of the Fox Hills east of Cab- 
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izon, the Puerco again appears ; but its thickness is not great. 
This Puerco also occupies the valley of Salt River from near 
Ojo del Espiritu Santo to Mesa Blanco. Beneath the Puerco 
east of Cabizon is the Fort Union formation. It is also seen 
in places to the west of the Rio Puerco. It is exposed, for the 
most part, along faults. The principal exposure is along the 
fault both north and south of the Fox Hills. It extends from 
the village of Nacimiento in a southerly direction beyond Mesa 
Blanco. Passing south of the Jemez river, orange colored Cre- 
taceous sandstones and shales overlie Mesa Blanco at the 
south ; and extend east as an outcrop along the Zia mesa break, 
till their dipping strata pass out of sight beneath the Pliocene 
deposits of the Jemez valley. On the Rio Grande the Cretace- 
ous orange beds appear along the tributaries of that river 
which come in from the southeast from the vicinity of Tejon. 
These beds are exposed in the bottoms of the canyons only. 
East of Tejon another Cretaceous area appears superimposed 
upon the Jurassic series, as we have already noticed. This 
area extends east and north farther than was visited. Its 
strata are repeatedly faulted, thus exposing the same strata in 
vertical section time after time. It is coal-bearing, but the beds 
are not thick. The coal is bituminous, but poor in quality. It 
is mined in -several places. On inquiry it was learned that 
farther northeast the coal seams are thicker, and that the coal 
is of better quality. It was furthermore learned that the car- 
bonaceous slates above the coal seams are not so thick there. 
This cretaceous is Laramie or Fort Union. 

Considering the Cretaceous west and southwest of the 
Nacimiento mountains more in detail, we will treat them in 
their order of deposition as follows: Fox Hills, Fort Union 
and Puerco marls. 

The Fox Hills, — As has been previously stated the Fox 
Hills extends from near the Jemez group of mountains west 
of Jemez peak to the Rio Puerco, and then south down that 
river. It was a ridge in Fort Union and Puerco times, which 
extended west as a peninsula from the Nacimiento mountains 
to a cretaceous area lying beyond. The Fox Hills dips west 
from the Nacimiento mountains in the peninsula part ; but, af- 
ter passing south of Cabizon, it dips northeast to the east of the 
Rio Puerco, and on the west side of that river it dips south- 
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w«st. In the canyon of the Piierco river, about five miles south 
of Cabizon, 800 feet of strata are exposed in vertical section. 
The rocks of this exposure are orange colored sandstones' and 
dark fissile shales, except tlie lower 150 feet which are gypsi- 
ferous in structure and probably Jurassic in age. 

The Fort Union Beds. — The group of rocks here designat- 
ed as Fort Union lie conformably on the Fox Hills. Tliey are 
found both to the north and also to the south of the eastern 
extension of the Fox Hills. They are known as the coal group, 
and are 500 feet in thickness. They show a predominance of 
soft yellow sandstone, interbeddecl with clays and sandy shales. 
They contain strata of brown coa! which are freely exposed in 
perpendicular walls of the mesas. The coal seams in the Jemez 
coal fields south of Mesa Blanco, near San Isidro, are from 
two to twelve feet in thickness; and along one fault in this 
coal area, seventy feet of coal are exposed in one view. In 
examining these coal fields it was observed that in many in- 
stances the strata had been destroyed by fire ; and, the coal be- 
ing burned out, the roofs had caved in by a succession of fault- 
ing or had collapsed under pressure. That the destroying 
agent was fire is attested not only by the clay accompanying 
the 'Scams being transformed into brick, but also by masses of 
slag composed of the silicates of iron and aluminum. This 
coal is bituminous and is Fort Union or Laramie. It is very 
brittle, somewhat laminated, and of dull luster. 

In speaking of the coal outcrop near Nacimiento, Mr. 
Loew in the U. S. Geographic Surveys of the Territories, says : 

"The strata of brown coal are freely exposed in the per- 
pendicular walls of the mesas, and are accompanied by shales, 
slate, clay and sandstone. Their thickness varies from six 
inches to eight feet. In some instances the strata have been 
partly destroyed and undoubtedly by fire, as evidenced not only 
of the accompanying clay being burned to brick but also by 
heaps of slag composed of silicates of iron and alimiinum. . .It 
is bituminous and Cretaceousi not coking; very brittle, some- 
what laniinaled, lusti-r dull."'' 

Had ihis same writer visited Ihc coal fields southwest of 
San Isidro to ihc south of Mesa Blanco, he cnuld have de- 
scribed Iliem with exactly the same words tliat he has used in 
; the coal aittcrc$ at Nacimiento. The ooal is iden- 
lor Leraniie. 
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The Puerco Marls. — In examinipg the Jemez-Albuquerque 
geological region described in these pages, several patches of 
grey, greenish and pinkish marls were noticed. One patch is 
east and southeast of Mesa Blanco ; a second is in the valley of 
Salt river, north of Mesa Blanco and south of the spring Ojo 
del Espiritu Santo; a third area lies between the top of the 
divide west of Salt river and Cabizon ; and a fourth, as we 
have seen, js the country rock from the head waters of Salt 
river north to the head waters of the Rio Puerco. These pink- 
ish deposits were the puzzle of the whole geological research. 
Their stratigraphic position was readily determined to be at 
the top of the Fort Union ; but where the Fort Union is want- 
ing they repose directly upon the Fox Hills; and in either of 
the above cases, they seem to be conformable with the form- 
ation they overlie except in the first case mentioned — the area 
to the east of Mesa Blanco. This formation, in part at least, 
there overlies the Jurassic. 

To give these marls a position geologically is a difficult 
task. In places as has been stated, they lie apparently con- 
formable on the Fox Hills, at other places on the Fort Union, 
and at still others unconformable on the Jurassic. Their being 
practically nonfossiliferous also makes the task the more diffi- 
cult. On their geological position geologists differ widely. 

In speaking of the geological position that the Puerco 
marls occupy Dr. Smith says : 

"The Puerco formation is located in northwestern New 
Mexico at the head waters of the Rio Puerco. . . . The rocks 
of this formation consist of sandstone and grey and green 
marls. The formation is thus characterized by Wortman: 
'The thickness of the beds is roughly estimated at 800 to 1000 
feet; and as far as can be observed, they lie conformably on 
the Laramie.' "« 

Concerning the same formation and its geological position 
Endlich says: 

"It is entirely conformable with the Fox Hills, . . . From 
the evidence obtained by professor Cope farther south [at 
Nacimiento on the Rio Puerco] and the negative evidence in 
our own district, there is scarcely any doubt but that the posi- 
tion assigned to their group at the base of the Tertiary is a cor- 
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rect one. Room is left for doubt only by the absence of 
fossils."' 

We will now return to professor Cope's report on these 
marls. 

In discussing these marls. Cope says : "The fauna of this 
formation is different from that of the other Eocenes in the 
presence of a saurian Champsosaurus, which is characteristic of 
the Laramie Cretaceous, and of marsupial mammals (Ptilodiis 
and Calopsalis) which are remains of a type otherwise known 
as Jurassic."^ 

Cope again says: 

"As already remarked, the Puerco marls may belong to the 
Eocene series in view of their strict confomiability to the sup- 
erincumbent rock of that age. But they may represent the Fort 
Union or lignite beds of the Upper Missouri some of whose 
strata thev resemble in color and consistence. Thev contain 
no lignite nor coal, although their occasional black color may 
be due to a small amount of carbonaceous matter."®* 

\Miere to place these marls is a more difficult proposition 
now that we have read the conclusions and the remarks of the 
above geologists. Dr. Smith says that they lie conformably 
en the Laramie. Endlich states that they are conformable -with 
the Fox Hills, and should be assigned a position at the base 
of the Tertiary, room, he says, only being left for doubt by the 
absence of fossils. Cope finds fossils and finds them to be of 
Laramie or earlier age, and concludes that they may represent 
the Fort Union beds which thev resemble in color and con- 
sistence. 

Had Cope gone farther south, or a little farther east in his 
explorations, he would have found that these beds contain 
more and more carbonaceous matter as lower portions of the 
series are exposed till they grade insensibly into the Fort Un- 
ion brown coal series, observed by Mr. Oscar Loew near Xaci- 
miento; but, as Mr. Cope states in his report, "The expedition 
was abandoned at this point" and he said his party went t- » 
the San Juan country, thus leaving the p<>sition of those marls 
unsettled. 

To consider the position oi these marls further, w'xrc tlv- 
Fort Union (Laramie* is wanting- they Vw a;»:'ar-:!y c ::- 
fonnable upon the Fox Hills: hut «1 » u- : i:r:u\- ::.:<' :'::: 



Jemcz — Albuquerque, N. Mex, — Regan, 83 

But in all cases in which they overlie the Fort Union, they 
grade insensibly into it. This was the case throughout the 
entire area examined by the writer; and the whole was called 
Fort Union by him while in the field. They therefore seem to 
be upper Fort Union and represent a transition between the 
Fort Union and the Tertiary. The fossils found by Cope 
(see above) seem to bear out this conclusion. They seem 
to be the top of the Cretaceous rather than the base of the 
Tertiary. 

The Tertiary Strata, 

On leaving the mountain districts, except west of the Naci- 
miento mountains, the Tertiary is the prevailing country rock 
where it is not covered with lava or Pleistocene deposits. 
Throughout its entire area it is fissured and faulted ; the rivers 
of the country in their process of base leveling have chiseled 
their channels deep into it. The great dike and the Rio Grande 
series of volcanoes penetrate its surface ; and lava flows, cover- 
ing hundreds of square miles, are superimposed on it. The dip 
of the whole formation, where dip is noticeable, is away from 
the mountains at an angle of about 15°, except at Jemez Pueblo 
where in the valley the strata dip north. This Tertiary is a 
"bad land" country ; where the lava is superimposed on it it is 
of the "mal pais" type; and where the lava is wanting, espec- 
ially along the break lines, "mauvaisses terres." 

Having mentioned the Tertiarj^ in a general way, we will 
proceed to consider it more in detail. Two epochs of the Ter- 
tiary are represented here, the Eocene and the Pliocene. 

The Eocene Formation, — The Eocene formation at one 
time covered the greater part of this region, but a faulting and 
folding of the strata in diflferent parts left basins on a grand 
scale, which in Pliocene times were lakes. The Eocene coun- 
try rock now is the entire Zia mesa between the Rio Grande 
and the Rio Puerco north to the Jemez river and Mesa Blanco 
and west of a point Ijelow Cabizon. The Eocene also imderlies 
the ji^rcat lava sheet to the west of San Felipe and also the lava- 
sheet of the tongue-shaped mesa which projects south from the 
Cochiti range. The thickness of this formation was not as- 
certained, though 1000 feet of it in vertical section are exposed 
along the west break of the tongue-shaped mesa above mention- 
ed. The strata throughout are soft red and gray sandstones, 
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which remain nearly horizoiilal, except in the case of the Zia 
mesa where they dip, for the greater part, southeast. The latter 
mesa is without lava deposit, except near Albuquerque and 
Ysleta; but instead is capped with a marl which henceforth 
shall be known as the Zia marl. This marl is a bluish yellow. Its 
thickness is from five to forty feet except at the north to the 
west of Mesa Blanco where it thins out to an edge. 

If geologists who have visited this formation along the 
Rio Grande, were agreed we would give their cunchisions and 
close the remarks on this subject : Rut, since one calls the 
formation Cretaceous, and another calls the lower strata Cre- 
taceous and the upper stratum "Pleistocene?."'" and the writ- 
er's opinion differs from either, a further discussion is neces- 
sarj'. No fossils, so far as the writer knows, have been foimd 
in these marls. Therefore, only on stratigraphical position 
can their horizon be determined. But along this line evidence 
is not wanting. 

The Fort Union coal beds and the Puerco marls, the last 
of the Cretaceous scries, underlie a thousand feet of this form- 
ation at the north along the Zia mesa break and south of Mesa 
Blanco on \vcst to a point below Cabizon. It, therefore, can 
not be Cretaceous and overlie the above fonnations. Again, 
the marl cap is conformable with the gre_\' and red strata be- 
neath, and these in turn he confomiable on the Puerco. In 
no place in Xcw Mexico has Pleistocene been found lying con- 
formably on the Eocene. Xot even in a single instance has it 
been found conformable on the Pliocene. The Pleistocene 
found by Cope at Placita lies unconformably on the Pliocene 
and Cretaceous. This marl cap, therefore, can not be Pleisto- 
cene. Consequently, inasmuch as the Pliocene, as we shall 
see later, lies unconformable upon it, this formation must be 
Eocene. 

The next thing to explain is why the same formation, the 
rock of the same age, to the one side of the Jemez river has a 
thick marl stratum as its top layer, and on the other side this 
tnarl stratum is wanting. 

As we have already noticed, practically all the strata of this 
region dip away from the Jemez mountains; and as wc proceed 
south from. .laWfc. jaak we pass over successive formations, 
all con^tnJ^^^^^HMKTl stratum at the top of the Zia 
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mesa is reached thus indicating that the Nacimiento moun- 
tains here have been gradually elevated at the south through- 
out many geological ages. Now, in Eocene time these moun- 
tains, in their upward movement, were continually pushing 
the Tertiary lake shore farther south, till the northern limit of 
this lake was about on a line with Mesa Blanco and the Jemez 
river in its lower course when the marl stratum of the Zia 
mesa was deposited; this marl then would not appear to the 
north of that river. Proof that this interpretation is a correct 
one is shown by the fact that the marl extends west of Mesa 
Blanco, as we have seen, to the Rio Puerco below Capizon; 
but to the north of this line it tapers out to a thin edge and 
disappears. 

The Pliocene Strata. — At the close of Eocene epoch, there 
was a faulting and breaking up of the country on a grand 
scale. The great Eocene lake (sea) was obliterated; and in 
its stead all the troughs made by the faulting and shifting of 
the strata became fresh water lakes. One of these lakes oc- 
cupied the area between the Zia mesa at the south and the Red 
Bed and Carboniferous mesa north and west of Jemez Pueblo, 
covering an area of more than 80 tsquare miles. Another 
large lake occupied the Rio Grande valley from the Eocene 
bluffs west of the present river east to the foot of the San 
Dias. 

The serata of this formation are alternating softer and 
harder calcareous sandstones and conglomerates varying from 
white to deep green and light rufous. 

The Jeniez Marls, — This series in the Jemez valley is al- 
ways capped with a conglomerate stratum now considerably 
cut up and eroded. The marls are a lighter color and also 
much softer than the marls in the Eocene formation, just de- 
scribed. The Indians at Jemez call these marls **Dafwa" and 
use them for various purposes. The marl is pulverized and 
with it a whitewashing solution is prepared, which is more 
desirable than the standard material prepared from gypsum. 
The writer will adopt the Indian name Jemez for these marls. 
The Jemez marls are 250 feet in thickness on the bluffs, in the 
vicinity of Jemez ; but in the valley of the Jemez their thick- 
ness is less than a hundred feet. They rest upon the strata of 
various formations ranging from Carboniferous to Eocene. 



86 The American Geologist. February, 1903. 

They are usually horizontal, but west of Jemez Pueblo, dip 
slightly to the north. Their bluff formations weather down 
into cones and castled buttes. They give a picturesqueness to 
the valley. Pleistocene deposits cover these in the valley. 

The Albuquerque Marls. — ^The Pliocene rocks in the Rio 
Grande embayment which are identical with the Jemez marls, 
just described, will here be called the Albuquerque marls. 
These marls are a continuation of the Santa Fe marls of Cope, 
a part of which was identified by him when at Algodones in 
the seventies. It also corresponds to the Loup Fork epoch 
(Tertiary) according to that geologist. ^^ They are 350 feet 
thick at Albuquerque but thin out toward the San Dias. The 
upper stratum except the last, is a conglomerate series, the last 
is s to 10 feet of a curious yellowish white marl. The compo- 
sition of this marl is: SiOo, 26.53; FcjO.v 1.20; CaCoj, 64.47." 

The Albuquerque marls are covered for the most part with 
later deposits, usually not more than ten feet in thickness. 
They will be mentioned later under "Pliocene Deposits." 

The Pleistocene Deposits, 

Pleistocene deposits are found in patches throughout the 
entire area visited. One small patch is situated at the foot 
and south of the Nacimiento mountains. Another patch oc- 
cupies the upper valley of Vallecieto creek at Vallecieto Viejo. 
Several patches are found between the hills on the road to 
Tejon and Placita near the Indian village of San Felipe. A 
large area occupies the inner valley of the Jemez river from 
Canon de los Jemez to the Bernalillo volcanoes, and extends 
more than eight miles up Salt river from its confluence with 
the Jemez. A still larger area is found in the inner valley of 
the Rio Grande for many miles both above and below Albu- 
querque. These latter mentioned deposits may be designated 
as the "Rio Grande Marl." 

Jack Rabbit Valley, — The Pleistocene area at the foot of 
the Nacimiento mountains is about the size of two sections of 
land. It is the site of a Pliestocene lake. Its deposits are adobe 
clay and gravel overlying a granite floor. This area is called 
Jack Rabbit valley. 

Vallecieto Viejo. — In the Vallecieto Viejo area the Pleisto- 
cene covers a half a township or more. The underlying strata 
of this deposit are cross bedded sands and gravels, some four 
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to ten feet in thickness. The upper strata are adobe. The line 
of thickest deposits lies in a north and south direction and con- 
forms very nearly to the present course of the Vallecieto creek 
Which runs through the area. It tapers out to a thin edge to 
the west in less than a quarter of a mile while to the east it ex- 
tends for more than two miles. The eastern margin lies on the 
Tertiary, the middle or lowest on the Cretaceous, and the west- 
em margin on the Red Beds. In Pleistocene times this area was 
a lake, and was initiated by the shifting of the strata to the 
south and east of the Red Beds hogback at the close of the 
Tertiary, and remained laked till a channel was cut along the 
fault line to the. southwest, thus giving it an outlet to the Jemez 
river. Along this fault the river has cut a deep channel 
through the solid Red Beds to get an outlet, although the 
strata to the southeast of the lake is but partly lithified sands 
and clays. This shows that faulting aided in locating the pres- 
ent channel. There is also strong evidence to show that the 
basalt eruptions took place in Post Tertiary times, because the 
lava flowed into the lake and at the eastern margin is inter- 
bedded with the Pleistocene deposits here described. 

The Placita Marl, — The Pleistocene deposits between San 
Felipe and Placita are found in the depressions between the 
rolling hills. In places they overlie the Tertiary, at others, the 
Cretaceous, and near Tejon, the Carboniferous. On the east 
they are closed in by a spur of Red Beds which projects north- 
eastward from the foot of the San Dias. The above indicates 
that there was an erosive period after the close of the Tertiary, 
a lost record, before the Pleistocene deposits were laid down. 
These deposits are cross bedded promiscuously mixed sands 
and gravels overlaid with thick deposit of adobe clay. 

Dr. Cope visited these deposits and in his remarks about 
them, says : 

"A section carried across from Algodones (near San Fel- 
ipe) on the Rio Grande to the San Dia mountains through the 
village and creek of Placita, gave the following results : The 
road winds among and ascends for several miles mesas of 
coarse Tertiary gravel and cobblestones until it reached a wide 
plateau, from which the mountains rise on the east. This tract 
is traversed by Placita creek and its tributary arroyas which 
furnish interesting sections. From these it appears that the 
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greater part of the plateau consists of the yellow, muddy 
shales and sandstones of Cretaceous number I. Thev form the 
bottoms and sometimes the walls of the arroyas, and rise in 
low monoclinal hills at various points on the plateau. The 
beds dip northeast 20*^ to 40'. In the intervals between the hills, 
there is a deposit of indurated clay of 40 feet in thickness, of 
Pleistocene age. I obtained teeth and other bones of Elephas 
primigenius, subspecies cohimbi, from this bed, and found 
bones of elephants in place in the banks of the arroya. Shells 
of Planorbis, Physa etc. indicate the lacustrine character of the 
deposit which I have called the Placita Marl."^- 

Deposits of the Jemez Valley, — The Pleistocene rocks of 
the Jemez valley are interstratified sands and clays. A section 
in the government well at Jemez showed the following: 

Adobe clay at the surface 9 ft. 

Cross bedded sand 4 ft. 

Adobe clay, an old forest ground 6 ft. 

Whitish yellow clay filled with freshwater 
gasteropod shells that look as though 

they were the same as species now living. . .6 in. 

Cross-bcdcd, loose sand i ft. 

Conglomerate in which the prevailing cob- 
ble stones are black vesicular basalt 2 ft. 

Red brown sand stone (Tertiary) i ft. 

The above section was taken at the eastern margin of the 
deposit. The strata are much thicker in the central part of the 
area. 

Another section was obtained from the government well 
made for the Zia Indians on the Zia reservation. There the 
adobe clay at the surface was found to be 16 feet thick and 
the underlying loose sand to be much thicker. The well did 
not penetrate the entire thickness of the latter. 

These Jemez valley deposits cover a large area. They ex- 
tend along the Jemez river from Canon de los Jemez to the 
Bernalillo volcanoes a distance of 25 miles or more. Their 
average width is from i to 5 miles. This does not include 
the deposits along the lower Vallecieto creek, and lower Salt 
river, which in each case are very extensive. In these deposits 
at a considerable distance below the surface and far from the 
present river channel, wood is found, well preserved, though 
not petrified. These deposits by comparing them with those 
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at Placita, which Cope has identified as Pleistocene, are found 
to be Pleistocene in age. 

Under what conditions these deposits were laid down need 
not be conjectured; the proof is at hand. After the river had 
cut its channel deep into the Tertiary from Canon de los Jemez 
to the then wide valley of the Rio Grande, the Bernalillo vol- 
canoes became active, and the lava flow filled up the channel in 
its lower course. This channel occupied the same site as the 
present one ; but was much larger as is seen by the lava walls 
in the old trough on each side of the present river. Contem- 
poraneous with this eruption, there was a shifting of the strata 
beneath the river bed as is very noticeable in the vicinity of the 
above volcanoes. A lake of considerable size was formed in 
which the beach sands were laid down, which today make that 
region a desert waste. This lake continued to exist till the 
lava dam at the east was cut out, and an outlet into the Rio 
Grande again established. Since then the re-adjusting of the 
strata has greatly elevated the deposits on the north. 

The Rio Grafute Marls. — The Rio Grande marls extend up 
and down the river for many miles both above and below Al- 
buquerque. At the village of San Felipe the inner valley is 
wedged in ; and for a short distance these deposits cease, only 
to appear again at Thornton and on the north. They are cross- 
bedded, permiscuously deposited, loose sands and gravels in- 
terstratified with bands of clay, the whole of which is over- 
lain with an adobe deposit. The thickness reaches some 20 
feet or more at a point just west of Albuquerque where ex- 
cavations have been made to recover the supposed buried treas- 
ures of the Spanish people. Beneath the Rio Grande Marls 
were found the conglomerate beds which underlie the Jemez 
and Placita deposits. This seems to indicate that these marls 
belong to the same age. 

The Age of the Rio Grande Deposits. — In the marls about 
Albuquerque undecayed wood has been found many feet be- 
neath the surface; and in the same deposits at Paiia Blanco 
were found the teeth and bones of the Elephas primigenius 
and other Pleistocene animals which strongly suggest that these 
dej)osits are of Pleistocene age. But even if no animal remains 
had been found, their age could still be determined. They are not 
only identical with the Placita deposits in most respects but are 
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a continuation of them. They can be traced from one to the 
other without break. The Placita formation being Pleistocene, 
these marls are Pleistocene also. Under what conditions the 
Rio Grande marls could have been deposited can only be con- 
jectured by the writer, because his observations did not ex- 
tend far south. It seems probable that at the time the Rio 
Grande series of volcanoes were active, there must have been 
not only a change in the position of the strata at different 
places along the Rio Grande embayment and in the bed of the 
channel itself, but the groups of volcanoes of this series must 
have poured a part of their lavas into the river channel and 
dammed the stream at various places. The first of these hap- 
pened at San Felipe. A spur of the San Dias, forming a ridge 
in a curved line to that village, dammed the channel and caused 
a lake to be formed above the Indian village. The lake con- 
tinued to exist until the river cut the channel where it now 
runs. The present channel at San Felipe must be younger 
than the lava flow inasmuch as it is incised in the latter; 
moreover had the original course of the Rio Grande occupied 
this area and it had been subsequently flooded with lava, we 
ought to find some evidence of the filling of the pre-historic 
valley but no data favoring this interpretation were obtained. 
In the vicinitv of Ysleta however there is some evidence to 
prove that the prehistoric valley of the Rio Grande was com- 
pletely dammed by the lava flows. More data bearing on this 
point, however, are necessary before such a conclusion should 
be fully accepted. 

Resume of the Stratigraphy of the Region. 

At the close of Carboniferous time, or earlier thie Temez 
mountains were uplifted, and associated with their develop- 
ment are to be found large intrusions of granite and porphyry 
occupying an axial position. During the period of mountain 
building, the western flank of the Jemez was faulted off. These 
mountains were subsequently -surrounded by a shallow Juras- 
sic sea in which were deposited red sandstones and shales with 
gypsum, to a thickness of 2600 feet or more. Then came tlie 
Jurassic revolution. The mountains were rc-clcvated and the 
Jurassic strata to the west of the mountains were faulted and 
tilted to a nearly vertical position. * At this time the volcan- 
oes near Pelado and in the Valle Grande country became act- 
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ive and poured'out the great rhyolitic sheet which now, on the 
plateau, covers the granite porphyritic core of the Jemez range, 
over which these same volcanoes hurled out 120 feet of pum- 
iceous tuff. These mountains were still islands in Cretaceous 
times, but their area then was much greater than formerly. In 
this period the mountains seem to have been gradually rising 
until in the Fort Union epoch great swamps covered the entire 
country, the sea being obliterated for a time. In the swamps 
vegetation was luxuriant ; and the vegetable matter laid down 
in them forms today the coal fields of northwestern New Mex- 
ico. At the close of the Fort Union epoch there was a slow 
subsidence. The Puerco was deposited on the Fort Union, 
followed by Eocene, the whole series being conformable. Then 
there came a violent change. The whole country was elevated 
above the sea ; much faulted and broken up ; and blocked basins 
on a grand scale resulted. The depressions were the lakes of 
Pliocene tihies. One large lake existed in the vicinity of 
Jemez, another, in the Rio Grande valley. The lake at Jemez 
was filled up with the Jemez marls by the tributaries of the 
Jemez river, and the Rio Grande lake was silted up with the 
Albuquerque marls, probably by the tributaries of the river 
which at present occupies that valley. When these lakes were 
nearly filled, there was a further re-elevation of the country 
and the rivers at once began to incise channels for themselves ; 
but this deepening of their channels was suddenly arrested by 
seismic disturbances and the lava flows of Post-Tertiary times. 
The former changed the incline of the river chjannels, and the 
latter damned the rivers, thus forming lakes. In these lakes 
were deposited the Pleistocene depostis of the river valleys, the 
Placita marl, the alluvium, etc. At the close of the Pleisto- 
cene, these lakes in turn were obliterated and the country took 
on the general appearance that it has today. 

Geography and Physiography. 

Rivers. — The rivers of the section are : the Rio Grande, the 
Rio Puerco, and the Jemez. 

The Rio Grande. — The Rio Grande river flows to the east 
of the Jeniez mountains and to the west of the Saij Dia escarp- 
ment. It is west of Albuquerque and east of San Felipe. It 
is a stream an eighth of a mile in width at San Felipe; at high 
water it is often a half a mile or more in width at the village. 
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Below Albuquerque, except during high water, the water seep^ 
into the sand and the river be<l becomes dry. The river at this 
point runs through a wide inner valley or flood plain on the 
down throw side of the San Dia fault. Here the river indicates 
at least three states of activity. In the early Post-Tertiarv it 

^ m ^ 

cut out a deep, wide channel in the Pliocene rocks. Then it 
refilled thie trough, thus formed, with the Rio Grande marls 
discussed above. Now it is again deepening its channel. 

Age of the Rio Grande. — The Rio Grande at Albuquerque 
is younger than the Pliocene in which it cut its deepest chan- 
nel. But where its channel at San Felipe was during the early 
Pleistocene is unknown. It was not where it is now, because 
the Post-Tertiar>' lava flows covered the area through which 
the present channel is cut. Had there been a channel at this 
point we should expect to find portions of the lava in its orig- 
inal position, within its boundaries but no evidence of this sort 
was obtained. It is quite possible that the river in early Post- 
Tertiarv flowed farther to the east where the Pleistocene de- 
posits are now to be found near Placita and that anticlinal 
uplift which sends a spur north from the San Dias to the east 
of Placita changed the course of the river to its present loca- 
tion. 

The Rio Fucrco. — The Rio Puerco closes in, on the west, 
the lands described in this paper. It is a tributary of the Rio 
Grande, entering that river l>clow Albuquerque. It runs at 
such an angle to the Rio Grande that the lands between them 
form a V-shaped area. Its source is in the Puerco beds at 
Xacimiento west of the Jcmez mountains. The Puerco's gen- 
eral course is south. It has no tributaries except near its 
source. In its lower course, it has cut for itself a canyon some 
800 feet in depth. This stream is dry nearly all the year round. 

The Joncz River, — The Temez river like the Rio Puerco, is 
a tributary of the Rio Grande. Its direction of flow is south- 
east. Near San Isidro it branches, and Salt river passes around 
to tlie west of the Xacimiento mountains. I-'artlicr iii^rth it 
aji^ain divides, one branch goes east of the Red lieds in tlic 
\'allecieto valley, another west of these beds throuc^h ( luadol- 
upe Canon, and the tliird or middle liranch iij) San l)i(.\Qo 
Canon, which is chiselled in the Red I>e(ls aloni^^ a fault liiu-. 
These trul)Utaries divide and subdivide till their branclu.- p; iir- 
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trate every part of the plateau. This river, with the exception 
of its western branch, drains the inner arch of the Jemez 
mountains, the space between the Nacimiento mountains on the 
west and the Cochiti range on the east. The tributaries of the 
Jemez are mountain streams and usually have running water 
in them ; but, in the lower course of the river, the water seeps 
into the sand and the channel is almost always dry. Its west- 
ern branch. Salt river, drains the Fort Union formation, and 
the Puerco beds to the west of the Nacimiento mountains. It 
occupies a wide flat-floored valley with canyon-like slopes. In 
its lower course it flows along the dowli throw side of Mesa 
Blanco. The tributaries of the Jemez on the north occupy deep 
narrow canvons. Their source is in the ,rhvolitic flows 
8000-1 1000 feet above sea level; each has cut its channel 
through the volcanic debris into the Upper Carboniferous ; and 
each in its lower course has chiseled the whole or a part of its 
channel from 1300-1600 feet in depth in the Red Beds. The 
Jemez Tributaries are noted for their medicinal springs. 

Age of the Jemez River. — The probable life history of the 
Jemez river is most conveniently presented under the following 
subdivisions of its drainage area: First, the Jemez an<l its 
tributaries to the north of the Indian village of Jemez ; second, 
its western branch. Salt river; third, the Jemez river below 
Canyon dc los Jemez. 

The Tributaries of the Jemez River at the North. — The 
tributaries of this river to the north of the Indian village 
of Jemez all have their sources in the high rhyolilic plateau of 
of Jemez mountains. On leaving this plateau each has cut a 
deep but narrow canyon. The upper part of each of these 
canyons is in Carbon if e«*ous rock; its lower part in the Red 
Beds, each canyon in its lower course often being more than 
T200 feet in depth. At canyon de los Jemez, Guadalupe and San 
Diego creeks which have gathered in all the upper tributaries, 
except \^allecieto creek, unite and form the Jemez proper. At 
this point the united river enters the site of a Tertiary 
lako, prol)al)ly al an earlier date a Cretaceous lake which was 
silted up by the rivers of the upper country. There is no evi- 
dence that these streams occupied their present site in Jurassic- 
Cretaceous times; but, as there is no evidence to the contrary- 
and as (lci)osits of Jurassic-Cretaceous age v/ere laid down in 
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the area to the south of the Red Beds, it is quite possible that 
they did then exist, because the dip of the Carboniferous, and 
Red Bed strata have remained unchanged so far as direction of 
dip is concerned since the Red Bed revolution ; and the Jemez 
plateau has furnished a water supply for streams since even 
earlier times. The origin of these streams must, therefore, 
date back at least as far as the early Jurassic-Cretaceous or 
even earlier. 

Salt River. — This river has its source in the Puerco marls 
west of the Nacimiento mountains. Its channel is cut partly 
in the Fox Hills and partly in the Fort Union rocks. Near 
its confluence with the Jemez it follows the course of the fault 
north of the Mesa Blanco. Its age must antedate both Pleis- 
tocene and Pliocene times inasmuch as both series are found 
resting upon its valley floor. 

The Lower Jemez River, — In Pliocene times the upper 
tributaries of the Jemez together with the Salt river silted up 
the Jemez lake. The lake being filled, the various streams 
united and cut a channel to the southeast to the Rio Grande 
embayment, which channel is here called the lower Jemez river 
or the river below Canon de los Jemez. The age of this part 
of the river, therefore, dates from the earlier Post-Tertiary 
times. As the country was being rapidly elevated in Post-Ter- 
tiary times the river cut a deep, wide channel in the partly lith- 
ified Tertiary sands and clays. But its activity was suddenly 
arrested at the time of the Post-Tertiary volcanic disturbances 
Its channel was filled with lava near its confluence WMth the Rio 
Grande by the Bernalillo volcanoes as the remains of that lava^ 
flow, in the old valley, show. At the time of this lava flow^ and 
immediately following it, the river bed in its lower course was 
elevated. A Pleistocene lake was thus formed ; and in it about 
100 feet of loose sands, gravels and clays were laid down. The 
lake remained in existence till an outlet was made through the 
lava barrier. The site of the lake then became dry, and has 
remained so to the present time. Since then the readjusting of 
the strata has elevated the old lake bottom on the north, thus 
causing the river to cut its channel deep in the loose Pleisto- 
cene. The stream in its lower course still lias a c<)iisidLTa])]e 
fall; but, owing to the fact tliat its waters see]) into the >an<\ 
before reaching the Rio Grande, its llocd ])lain i> hein^,^ Iriilt 
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up at present by the sediment carried down by its tributaries. 

Mountains, — The mountains of this section are the San 
Dia and the Jemez. 

The San Dia Mountains. — The San Dia mountains were 
caused by a drop of 11,000 feet along their western side, leav- 
ing an escarpment of 7,000 feet still remaining (Cope). The 
origin of these mountains dates back to a period later than the 
close of the Carboniferous usage, because their crest everywhere 
is Carboniferous rocks. These mountains are situated about 
8 miles east of Albuquerque and 25 miles to the southeast of 
Bernalillo. The dip of their strata is from 12 to 20" to the 
southeast. These mountains close in the Rio Grande embav- 
ment on the east of Albuquerque. 

The Jemez Mountains, — The Jemez mountains form a U- 
shaped plateau, the open space being toward the south in which 
most of the head streams of the Jemez river have their sources. 
The west portion of the U-shaped mountain area is called the 
Nacimiento mountains, and the east, the Cochite range. Its 
culminating point is Pelado whose crest is 11,200 feet in alti- 
tude. The core of these mountains is red feldspathic porphyry 
of the true Rocky mountain axis. The upper northwest part 
of these mountains terminates at the village of Nacimiento; 
and the southern limit of each member terminates at th=e south 
in the latitude of the Indian village of Jemez. They are sit- 
uated 60 miles to the west and southwest of Santa Fe and 55 
miles north of Albuquerque. These mountains, judging from 
the youngest strata which flank their sides date back at least 
to Pre- Jurassic time. The oldest strata exposed are Carbon- 
iferous. Thev have been re-elevated at different times, as \\\\\ 
be seen in the sequel. 

Villages and Cities. 

The villages and cities of this region are : — The Indian vil- 
lages of Santa Ana, Zia and Jemez, and the Mexican villages 
of San Y Sidro, Canon de los Jemez, Perea (the Jemez Hot 
Springs) and the Sulphurs on the Jemez river; the Mexican 
villages of Cabizon, Lavantana and Nacimiento on the Rio 
Puerco: and the Indian villages of San Felipe, San Dia and 
Vsleta, the Mexican villages of Thornton, Algodones, Bernal- 
illo and the city of Albuquerque, on the Rio Grande. Albu- 
(|norque is one of the leading cities of the southwest. Among 
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its buildings is the large stone depot of the Santa Fe Company. 
This building besides serving as a depot, contains the Harvey 
Eating House and hotel, a natural museum exhibited by the 
Santa Fe as an advertisement of the mountain country. It also 
contains a library of considerable size. This city, with its 
mixed population of Mexicans, Americans, Germans, English, 
French and other nationalities, is the chief business center of 
the southwest. 

General Surrey. 

On the whole the section of country under consideration in 
this paper, is one vast desert area sparcely covered with grass, 
pinons, red cedar, sage brush and cactus, except in the valleys 
where there is sufficient water for the purposes of irrigation. 
In these valleys, corn, wheat, fruit and beans are raised by 
the natives and Mexicans. To consider the entire area again, 
it presents two basin-shaped districts, the Rio Puerco and the 
Rio Grande basins, with the strata in each respective basin dip- 
ping toward the center. The separating line between the bas- 
ins is the Nacimiento mountains, the west wing of the Jemez 
mountains. It is continued southward in a line of hills which 
decrease in altitude as they recede from the main range. The 
two basins merge into one below Albuquerque. 

The whole area is faulted and much broken. High escarp- 
ments frequently remain to mark the fault lines. Examples 
of such escarpments are : the San Dia mountains. Mesa Blanco 
south of Salt river, and one on each side of the Red Beds just 
south of the Jemez range. There is also evidence that the Na- 
cimiento mountains were originally, the result of a drop on 
their western side. The resulting escarpment has been worn 
down and subsequently covered in part so that it is not so 
strong in relief as the San Dia escarpment ; the Carboniferous 
strata which flank this range on the east is entirely wanting 
to the west of this range. Mesa Blanco was left an escarpment 
by a drop on its northern side of more than 1600 feet, 1000 feet 
of which still remain. The escarpment to the east of the Red 
Bed mesa above mentioned is now 900 feet in hight and the 
escarpment to the west of the same mesa is 1700 feet. The 
strata of this mesa dip toward the east at a great angle on its 
western margin, and at a greater angle toward the west on its 
eastern side. The whole ixmatiy^ as is indicated above, is ex- 




Jemcz — Albuquerque, N, Mcx. — Reagan. 97 

tremely broken up ; and in its canyons are to be found numerous 
springs, celebrated for their medicinal properties. Its hills 
are few ; but its hogbacks parallel ridges, weathered cones and 
castled buttes are many; and its fault lines and escarpments 
are numerous. The valley floors are covered with shifting 
sands, and along the lower course of the Jemez sand dunes are 
piled up by the ever blowing wind. Much of the upper coun- 
try is covered with tufa, and many of the lower mesas have 
a cap of basalt often of the *'Malpais" type. The culminating 
points of the Jemez- Albuquerque region are: the crest of the 
San Dias, the monolith Mt. Cabizon on the Rio Puerco, and 
Mt. Pelado, the culminating point of the Jemez mountains. 

The rivers and mountains having been discussed under ge- 
ography and physiography, they will receive no further men- 
tion here; but the remaining physiographical features of the 
section will be treated at some length. 

Sand Duties. — The sand dunes are in the lower Jemez val- 
ley. They are the result of the piling of the shifting sands of 
that valley by the winds ; as has been stated, this valley was a 
lake in Pleistocene times, and the shifting sands of today were 
the beach sands of that lake. As evidence that this conclusion 
is true: first, the sands are all rounded and water-worn, and 
second, in the eastern part of the lake where the clay sediment 
brought down by the streams to the west and north of the then 
lake did not extend, the sands are deepest, because here the 
chopping waters reduced the surrounding partly lithified Ter- 
tiary sandstone lake-wall to sand; besides, the drift of the 
sandy particles deposited in this lake to the northwest would 
naturally drift toward the southeastern lx?ach. This sand, as 
we have seen, is of Post-Tertiary origin. 

Mt. Cabizon. — Mt. Cabizon is a volcanic neck of great size. 
It is situated just across the Rio Puerco from the village of 
Cabizon (La Poste). Its crest is more than thirteen acres in 
area and its hight above the plain in which it is situated ex- 
ceeds 1400 feet. It is, therefore, a land mark throughout the 
entire region to the west of the Xacimiento mountains, and 
even further east to the Rio Grande area below those moun- 
tains. Its age is Post-Cretaceous, though it probably continued 
in action till the Tertiary was far advanced. A further men- 
tion of this volcanic neck will be given later under volcanoes 
and lava flows. 
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Pelado. — Mt. Pelado or "Balda," as it is commonly called, 
is the culminating point of the Jemez plateau. The altitude of 
its crest is 11,200 feet. It is a solid mass of porphyry. It is 
situated just to the west of the great Valle Grande tufa vol- 
canic region and seems to have once been the west front of the 
largest crater. The greater part of the rim still remains. 'The 
site of the crater todav is in a level area to the east of that 
mountain. 

Medicinal Springs. — Along lower Salt river and in the up- 
per Jemez river region there are many springs, some hot, some 
cold, and others of a bathing temperature. The waters of all 
these springs possess medicinal properties; and the principal 
springs have been health resorts before the invasion of the 
white man. These springs seem to be in groups. The princi- 
pal groups are : the Sulphurs, the Springs of the Soda Dam in 
the Jemez river, the Jemez Hot Springs at Perea, the Indian 
Springs, the San Ysidro Springs, and the Philip's Springs. 
The latter three groups of springs are cold or just bathing 
temperature; the remaining groups are hot, the Sulphurs 
reaching near the boiling point. These springs will be consid- 
ered in reverse order. 

The Philip's Springs. — The Philip's springs are forty in 
number. They arc situated in a little cove between the granite 
spur to the southwest of the Nacimiento range and the Red 
Beds to the west of Jemez on their western side. The space 
occupied by them is not greater than thirty acres, though at 
an earlier date their area was much more extensive than now, 
as is attested by the tavertine cones left by the extinct springs. 
The cove, occupied by these springs, is about a mile to the 
northea^ of Salt river; and eight miles nearly west of Jemez 
Pueblo. The springs of this group are soda or iron springs. 
The soda springs deposit a cone of tavertine around their 
mouths, the iron springs are non-depositing. The springs of 
this group usually have a bathing temperature ; but they are 
not used for bathing purposes on account of their isolation, 
though their site would make an excellent place for a health 
resort. The scenery is as good as could be desired ; and what 
adds more to their value, is that they are so situated in tliis 
cove that they are sheltered from the sand storms so prevalent 
in New Mexico. These springs, however, have one drawback 
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to their becoming of value in the near future : they are situated 
on the Ojo del E^piritu Santo land grant; and a title to the 
area cannot now be obtained. 

The San Ysidro Springs. — The San Ysidro (San Isidro) 
springs are situated on either side of Salt river in its lower 
course all along the front of Mesa Blanco, their waters coming 
to the surface along the fault. These springs are some Jiorty 
in number. Those to the south of the river are bitter mag- 
nesium, and those to the north, are soda springs. The waters 
of the springs are cold. They have medical qualities; and 
throughout the summer months, the Mexicans bathe in them. 
These springs are on government land, but, as all salt lands 
in New Mexico have been reserved for the benefit of the uni- 
versity of that territory, they will most likely be claimed by 
that institution on account of the magnesium and sodium salts. 

The Analysis of the waters is as follows: ^3 

Specific gravity 1 .0023 

The mineral matter in 100 parts of water: 

Carbonate of sodium 0.3072 

Sulphate of soda o. 1639 

Carbonate of lime 0.0670 

Carbonate of magnesia 0.0243 

Carbonate of iron 0.0008 

Potassa 

Lithia V traces 

Silicic acid 



0.5632 
The Indian Springs. — The springs here designated as In- 
dian springs are a heterogeneous group, and extend in an east 
and west direction in a narrow belt of land about a mile to the 
north of the Mexican village of San Isidro. At the west their 
waters arc forced to the surface along the fault to the north of 
the little gypsum area just north of Salt river. It is also highly 
probable that this fault extends as far east as the springs do, 
though in that part it is covered with later deposits. The springs 
arc alkaline, but not depositing springs. They are cold in the 
west but increase in temperature toward the east end of the belt. 
The temperature of the eastern springs, those to the east of the 
Jcmez river, is about 120* F. They are being covered contin- 
ually with debris brought down by an eastern arroya and 
must be dug out when used. The Indians use these springs 
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almost continually throughout the summer months; even the 
Ysleta Indians come there to bathe for their ailments. These 
sources of health and cleanliness are on Indian lands, whence 
the name. Should they be properly cared for there is reason 
to believe that they would afford a health resort of the first 
class. 

The Jcmcz Hot Springs, — The Jemez hot springs or "Ojos 
Calientes," as the Mexicans call them, are situated in the Jemez 
river bed in Canon San Diego at Perea. The site is a beauti- 
fully picturesque one. The Red Bed walls of the canon rise 
1200 feet on either side of the river, while in the valley a little 
north of the springs is the ruins of the Indian village of San 
Juan de los Jemez and the Spanish Catholic church and forti- 
fication of the first occupation of the Spaniards. 

These springs are located geographically in two groups. 
The lower group is owned by a man by the name of Judt, and 
the upper one by the Oteros. Each firm has erected comfort- 
able bathing houses and sweating rooms. Hotels have also 
been erected for the benefit of the health seekers. A stage also 
runs between these springs and Albuquerque. 

The temperature in Judt's group of springs is 119* F. The 
specific gravity is 1.0016, and the chemical analysis shows the 
following : 

In 100 parts of water there are: — 

Chloride of sodium o. 150K 

Sulphate of lime 0.0262 

Carbonate of lime 0.0300 

Carl)onate of magnesiam 0.0240 

Carbonate of iron 0.0002 

Silicic acid o.ooio 

Potassa 

Lithia \ trace 

Carbonate of lime 



• 



0.2332 
The temperature of the Otero group of springs is 168' F. 
and the chemical analysis shows the following'. 
In 100 parts of water there arc : 

Carbonate of sodium o. 1622 

Sulphate of soda o. oa35 

Carbonate of lime o.o()4i 

Carbonate oi magnesia 0.0103 
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Lithia 
Silicic acid 
Sulphate of lime 
Potassa 



trace 






0.2401 

These springs are known throughout America and Europe ; 
and it is not infrequent that one meets a foreigner here. 

The Soda Dam. — ^The Soda Dam is a long tavertine ridge 
built directly across the Jemez river at a point two miles above 
the Jemez Hot Springs. The ridge of tavertine has completely 
dammed the river. On it are situated 22 springs, or about one- 
half of the springs of this group. They all deposit tavertine 
and their charged waters running over the dam causes the cap 
of the dam to be built out farther and farther to the south each 
year, thus leaving rooms beneath the cap. These rooms are 
decorated with stalactites suspended from the roof. They are 
exceedingly picturesque. 

The waters of the springs come to the surface after en- 
countering a granite wall in their southern course, which cross- 
es the country in an east and west direction ; hence the line of 
springs. 

These springs existed in former geologic time and then 
dammed the river with their deposits the same as today. The 
remains of the first dam is nearly 1000 feet above the present 
one ; and, as the river has cut its channel down, a succession of 
dams in step-like order has been formed. Tliese dams, there- 
fore, are evidence that Canyon San Diego was not formed al- 
together by a faulting of the strata ; but that the Jemez river 
has here chiseled out for itself the present channel. They also 
indicate that the Jemez plateau has been raised by a series of 
uplifts, each dam marking a period of rest. 

The temperature of the gushing waters of these springs is 
from 75*^ to 105° F., the specific gravity is 1.0023; and the 
chemical analysis shows the following minerals in 100 parts of 
water :^^ 

Chloride ot sodium 0.2642 

Sulphate of soda 0.0059 

Carlx)natc of soda 0.0219 

Carbonate of lime 0.0548 

Carbonat.' of magnesia 0.0057 






• 
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Silicic acid 0.0201 

« 

•_ • •. .•• Phosphoric acid 

Potassa V trace 






• '\ :• ' Lithia 

• • •• . • 



/ 0.3726 

These springs are not used for bathing purposes. The 
reason is that the more health-giving Jemez Hot Springs are 
too near. 

The Sulphurs. — To the north of Pelado about twenty-five 
miles to the northeast of the Soda Dam and the Jemez hot 
springs (Ojos Calientes) on the very top of the Jemez Plateau 
are the famous sulphur springs and still further to the north- 
east are the San Antonio springs. The latter attain a temper- 
ature about the same as that of the Indian springs to the east 
of the Jemez river. The Sulphur springs deposit sulphur in 
considerable quantity as the name indicates ; and their site was 
obtained as a mineral claim. They are owned by the Oteros, 
and their value is now estimated at $100,000.00. Bath houses 
and accommodations for health seekers have been erected. A 
stage runs from Thornton on the Santa Fe from the east to 
this place, and one also reaches it from the south via Albu- 
querque. 

The temperature of the waters of these springs is close to 
the boiling point.* 

General Survey of the Springs of this Region. — As we 
have seen, most of the springs in the Salt river and upper 
Jemez country are along faults or granite dikes whiere the un- 
der ground waters are checked in their downward course and 
forced to the surface ; but as yet we are unable to see why some 
of the groups of springs are hot; others a bathing tempera- 
ture; and still others cold. Let us examine the facts and see 
if we can obtain a solution. 

The springs on the top of the plateau to the north of 
Pelado approach boiling point, while the Jemez hot springs, 
about the same distance to the southwest of that mountain, are 
i68*F. The San Antonio springs twelve miles to the northeast 
of the Sulphurs are only a bathing temperature, as are also 
the Philip's springs south of the Jemez mountains, and eigli- 

* The writer nerer Tialted 'UaU flr^oap of springs, but obtained his infomia- 
-tlon firom a iceatleiBaa who once had charge of them. 
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teen miles to the southwest of the Jemez hot springs ; and the 
San Isidro springs farther south are mostly cold. What caus- 
es the temperature to decrease on either side of Pelado as the 
distance from that mountain increases? The solution seems 
to be this : As has already been stated, Pelado was once the 
centre of a volcanic area, as the remains of the tufa flows and 
crater walls attest. Long since these craters ceased to be act- 
ive; but their reservoirs are still hot. The percolating waters 
then on coming in contact with the heated rocks come to the 
surface as hot or warm springs, thus perpetuating volcanic 
activity in the secondary stage. The farther the springs are 
from this volcanic area the cooler they become till at San Ysi- 
dro they are cold. 

The Tufa Flows. — A tufa flow covers the Jemez plateau 
as far as visited. It also extends south over the Red Beds as 
far as Canyon de los Jemez. The tufa deposit on the Red Bed 
triangle between Canyons Guadalupe and San Diego is from 
one hundred to two hundred feet in thickness. It was hurled 
out of the volcanoes at the foot of Pelado and in the Valle 
Grande country. Some of these volcanoes, as we have seen, 
are of great size and the leveling and filling of their craters 
has made the Great Valley (Valle Grande) country. 

Age of the Tufa of the Jemez Mountains. — In speaking of 
the age of the tufas of this region, Prof. William Jenks in the 
New Mexico Mining Record says : 

"In the Jemez range of mountains of which the Cochiti 
range is relatively a part, the pumiceous tuflF was erupted dur- 
ing or at the close of the Jura-trias (Red Bed) period. We 
find there in a clear order, a base or central axis of red granite 
(red feldspathic porphyry) Carboniferous limestone, Permian 
and Jura-trias red and white sandstones and variegated shales, 
with superincumbent pumiceous tuflF." 

Prof. Jenks in the Sunbeam, of Bland, New Mexico, Nov. 
1st, 1899, writes again concerning the age of these tufa flows 
and says : 

"I cannot imagine that this tufa flow so far as the Jenriez 
and Cochiti mountains are concerned was later than pre-Creta- 
ceous ; for, as the higher portions of these mountains had been 
occupied by the Cretaceous fomiations, some small remnant 
of it would be found somewhere within the area. For myself. 
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I have never seen thje slightest trace of anything later than 
Jura-Trias." (Red Bed series) ; "and tufa covers these 
beds, but never covers, so far as I know, the Cretaceous or 
Tertiary formations on the edge of the ranges."* 

Dr. C. L. Herrick, then president of the University of New 
Mexico, took issue with Prof. Jenks, believing that the tufa 
was of Cretaceous age; and asked the writer by letter to in- 
vestigate the age of the tufa, which he di<J with the following 
results : 

Tufa was found covering both the Carboniferous rocks and 
Red Beds, and also the granite plateau and the metamorphic 
rocks on the mountain flanks where the Carboniferous and Red 
Beds are wanting; but no tufa, in situ, was found on rocks 
of an age younger than that of the Red Beds. The investiga- 
tion favors Prof. Jenks' opinion. The tufa therefore, seems to 
be at least pre-Cretaceous.f 

The Basaltic Volcanoes. — The basaltic volcanoes and their 
lava flows are arranged in two series, the Rio Puerco, and 
the Rio Grande. They will receive consideration in the order 
given. 

The Rio Puerco Series. — The Rio Puerco series of basaltic 
volcanoes begins at Cabizon with Mt. Cabizon as the north- 
east crater and continues on in a southwestern direction. The 
plugs of the craters now dot the country, Mt. Cabizon being 
the largest one, thus indicating, in a way, the amount of ero- 
sion that has taken place since these craters ceased to be active. 
The lava, for the most part, has been almost wholly removed. 
A careful examination reveals the fact that the volcanic rocks 
protrude through Cretaceous strata, and moreover that no lava 
of these eruptions are in situ on Tertiary deposits, though 
CO marls. The conclusion drawn from the observations is that 
they rest in places on the Fort Union and possibly on the Puer- 
these volcanoes are post-Cretaceous in age. 

The Rio Grande Series of Basaltic Volcanoes. — The Rio 
Grande series of basaltic volcanoes has a j^eneral northerly 
and southerly course. Their direction is the result of a seismic 
disturbance, opening up a fissure that can be traced from a 

* Prof. Jenks baa prospected the entire Jcmcz rani^e. and is lo-tlav one of 
tiM Umding stockholaera in the Cochiti Gold Mining Company at Bland. New 

mnmwwml tnfa patches near Albuquerque, all of which Hcem to be 
imrngt. 
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point 60uth of Albuquerque north by the way of Cochiti be- 
yond Abiquiu, in Rio Arriba county, a distance of 100 miles. 
On this dike there are several groups of volcanoes, some of 
which are : the Albuquerque, the Bernalillo, and the San Fel- 
ipe volcanoes. 

The Albuquerque Volcanoes. — ^Across the Rio Grande to 
the west of Albuquerque about six miles, six volcanic plugs 
arranged in a north and south direction project above the mesa. 
From these craters a lava flow seems to have spread out in all 
directions. It is black vesicular basalt, and covers an area of 
about thirty six square miles. Its thickness is about 20 feet. 
The lava rests on Eocene strata. 

The BemaMUo Volcanoes, — The Bernalillo volcanoes are 
situated to the west of the Rio Grande at its confluence with 
the Jemez river four miles to the northwest of Bernalillo and 
twenty miles to the north of Albuquerque. Craters are found 
on each side of the Jemez ; but the one to the south of the river 
is the most conspicuous. The loose Eocene strata have been 
removed from it and the plug of the volcano or "neck" now 
protrudes above the general level of the surrounding country. 
From the plug dikes radiate, giving a rib-Uke structure to the 
exposed surface. The lava flow to the south of the river Jemez 
has been removed for the most part ; but to the north, the lava 
sheet is thick and continuous with the lavas poured out by the 
San Felipe volcanoes. The lava is black vesicular basalt the 
same as that of the Albuquerque volcanoes. 

These volcanoes are of interest because their lavas pouring 
into the old channel of the Jemez river brought about a per- 
iod of damming, thus forming the Pleistocene lake of the lower 
Jemez, previously mentioned under the head of "Pleistocene 
Deposits in the Jemez valley." 

The San Felipe Volcanoes, — ^The San Felipe volcanoes are 
many in number. Thirteen were visited by the writer and Dr. 
G. B. Haggett in one day. Most of the pot-like craters are 
small ; but some of them are of large size. One in particular 
that we measured was one-half mile in diameter and another 
was still larger. The walls of the half mile crater are still in 
existence. The walls within the depressions were found to 
he glazed and blackened and to be composed of sand mixed 
with fragments of basalt. The remains of most of the volcan- 
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oes are "plugs'' or "necks'*; but in a few cases both the outer 
wall and the inner plug still remain ; and in the case of one of 
the larger craters, side craters, forming lateral vents, were 
seen. 

These craters are situated on the mc?a to the west 
of the Rio Grande, near San Felipe, for which the writ- 
er named the group. The southernmost crater observed 
is about two miles to the southwest of the village. The craters 
of this group are in a line, curving to the west along the great 
dike. They rise in altitude, one above another as they appear 
farther to the northwest till they reach the summit of the mesa 
where the largest one of the group is to be seen. Its plug rises 
6500 feet above the sea, and its diameter is more than a half 
mile in one direction and a mile and a quarter in another. To 
use the words of our Indian guide; "Esta padre de todas," 
it is the father of all. From it toward the west the craters 
become loss and less in hight till they are reduced to the level 
of the mesa. The lava flow from these craters covers 300 
square miles in solid mass, and many more miles in detached 
patches. The lava flow is augmented at the west by the flows 
from the Cochiti volcanoes and by the flows from Mt. Negro 
(Sierra Negro). It reaches the Pueblo of Jemez on its west- 
em limit and covers almost the entire space in the triangle be- 
tween the Rio Grande and the Jemez river to the south of 
Canvon Honda. The lava sheet is from twentv to one hundred 
and twenty feet in thickness. It is of the basaltic type; and, 
on account of its broken down, rough; condition, it is called 
"Malpais." 

Date of Eruption. — The age of the lava flows is only con- 
jectured. Dr. Ilerrick first supposed that the underlying strata 
which are red and grey sandstones, were of Cretaceous age. 
and so stated in his "Geology^ of the Environs of Albuquerque," 
New ^Mexico, (Bull, of the University of New Mexico, \'. I. 
pp. 40-43). In this paper on the environs of Albuqucnjuc he 
savs : 

''These blufl's (the bluffs that border the Rio (iraiide 
on the west) afford the most instructive ilhistratioii ''f 
base-leveling that could be iniaj^incd. 'I'he basalt reji^-sos 
on the red and grey Cretaceous strata, which liere remain tuar- 
Iv horizontal. 'J1ie sources of these flows is jujt ditticiilt \o 
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locate in local craters which penetrate the Cretaceous at var- 
ious places." 

At another place he says :^ 

*'Of course the age of these! flows is still to be determined, 
though it may safely be placed at an earlier period than that in 
which the river gravels were deposited, that is, earlier than the 
post-glacial or Champlain period." 

Again in speaking of the Albuquerque volcanoes, he says :^* 

**This group of cones is only one of a series of basaltic post- 
Tertiary volcanoes which can be traced along the entire length 
of the Rio Grande in New Mexico." 

Herrick, in these articles, places the age of the volcanoes 
as post-Tertiary; but has them penetrating Cretaceous strata. 
At a later date he found that the strata along the Rio Grande 
emhaynient are Tertiary, and then he had the following print- 
ed on a slip in each of the bulletins : 

The reader will kindly substitute the word 'Tertiary' for 
'Cretaceous' wherever in the present article [The Environs of 
All)uquerque] reference is made to the sandy strata underly- 
ing the loess of the river valley." 

The strata that these volcanoes and the great dike penetrate 
are Eocene as we have already noted. This formation over- 
lies the Puerco and Fort Union, and of course, cannot be Cre- 
taceous. 

That these volcanoes are post-Tertiary there is no doubt, 
because the strata immediately underlying the lava cap east of 
San Felipe arc Pliocene.* This lava also overlies the Jemez 
marls at Jemez. Another evidence that will aid in establishing 
the age of these flows is this: — while government farmer at 
Jemez, the writer dug a well for the Indian village : and, after 
digging through more than twenty feet of river filling of Ple- 
istocene age, he found a conglomerate layer separating the val- 
ley (lc})osits from the underlying Pliocene. In this conglomer- 
ate stratum were found boulders of black vesicular basalt, some 
of which would weigh 500 pounds. These boulders on examin- 
ation, were exactly like the basalt in situ on the adjacent Plio- 
ceiu" mesa both in appearance and composition ; and without 
quc'^titni, were washed into the Jemez Pleistocene lake from 
\hc to]) of the very me^a. This, it seems to me, is evidence 

•At this place there are two distinct lava flows separated by a forest 
Kroiiud with j^rowth as thick as that now covering the region. 
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enough to establish the age of these lava flows in Post-Ter- 
tiary times, between the close of the Pliocene and the refilling 
of the Jemez trough with the Pleistocene deposits. Their age 
is late-Tertiary and early-Pleistocene. 

Econotnics, 

Climate, — The altitude of this region, 5000 to 9000 feet 
above the sea, and its latitude, 35 to 36 degrees north, combine 
to give it a climate which for mildness and equality has no 
superior in the world. Its location near the center of the vast 
rainless region of the west, and its remoteness from any large 
body of water, give it an atmosphere almost totally devoid of 
moisture. The annual precipitation is less than eight inches. At 
the same time, by reason of the latitude and altitude the air is 
both warm and light, thus furnishing, in unlimited quantities, 
nature's remedy for diseases of the lungs. 

Soil, — The soil on the table lands especially on the Tertiary 
formations, is poor. There is too much alkali. But if water 
for irrigating purposes could be had, even the soil of these 
mesas, in a few years, could be made productive. It would 
require considerable labor and the use of fertilizers such as 
gypsum, burned lime, etc., but in the end it would yield profit- 
able results. 

On the mountain plateau the soil is good, especially in the 
Jemez mountains, in the Valle Grande country. This great 
valley occupies a high altitude, averaging 9000 feet. It em- 
braces 100.000 acres and forms fine prairies with abundant 
grasses. On it also the fir and pine are most magnificently 
developed. This place is cool, and to it people go for an out- 
ing in summer. Here dews fall almost every night in the 

year. 

Physical Conditions of the Soil:^^ 

Fine and coarse sand 87.95 

Fine silt and clay 12.05 

Hydrascopic moisture i-35 

Chemical bound water and organic matter . . 3.63 

Chemical Constituents of the Soil: 

Potassa 074 

Soda on 

Lime 152 

Magnesia t race 

Sulphuric acid trace 
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Phosphoric add 029 

Oxide of Iron ) ^^ 

Aluminum . . \ 

Insoluble particles of rhyolite 92. 150 

In the valleys the «oil is, without exception, the best in the 
world. It surpasses even the soil of the Nile valley. An an- 
alysis of the Rio grande mud gives the following constit- 
uents '}^ 

Potassa 1 .784 

Soda 795 

Lime 1.751 

Carbonateof lime 5 . 190 

Magnesia 181 

Oxide of Iron . . . | . . oq^ 

Ahiminia ) 

Silicic acid 70.010 

Sulphate of lime trace 

Phosphoric acid 092 

Water and trace of organic matter 5 -012 

Mr. Leow after giving the above analysis of the Rio Grande 
mud, remarks: 

"Irrigation with these mud carrying waters furnishes the 
lands with a layer of the best virgin soil in a finely pulverized 
condition, and the "belief of the farmer that the Rio Grande 
water is an efficacious fertilizing agent is fully warranted by 
the facts revealed by the chemical analysis. Indeed the inhab- 
itant of the Rio Grande will never require any other fertilizer 
than the waters of the Rio Grande Del Notre."^' 

Irrigation. — All crops in this region and in fact throughout 
New Mexico depend upon irrigation for their growth. With- 
out irrigation this region must be abandoned to the miners and 
stockmen. 

There is no general system of irrigation along any of the 
water courses ; but each village or community has its own re- 
spective ditch or ditches as the case may be ; and in getting the 
water high enough to irrigate the desired lands in so short a 
distance, the rate of flow is reduced almost to the minimum. 
As a result a great part of the water is evaporated before it 
reaches the lands desired to be irrigated. Another drawback 
to the present system is that the water which is not used in the 
upper country is left in the streams ; and on reaching the low 
lands, it seeps into the sand. A general system of irrigation 
on the Rio Grande was once undertaken. A large canal was 
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Inkrii nil! iif Sun I'Vlipr which was to irrigate all the country 
within Ihr vnllry runt c»f thr rivrr to hclow Albuquerque; but, 
nllri wntk luul IXTii romnicnccd, the ditch company became 
«h*ini|j|Mil^rd itiHJ thr work ceased. 

I .a\)iv\' itnd better cropn could he raised if the water supply 
NVM«» |iio|»riIv hwtuUrd, 

WmmMji; Iu the region described in this paper, there are 
no inihe*» woithy t»f inentioiuujk:" hero; but just to the east of 
ihr i orhiii itui^e nie the Tivhiti }io\(\ mines. Among the mines 
now \\\ opeifUiou are the Washington, the Iamic Star, the Al- 
hrn^jnh' {\\\\\ the rmnvn Point. The mill of the Albemarle 
nnne ;done jmUi^ o\tl two bars of gv^ld bullion every six days, 
\alne\l at $^ttHH> eaehv 

U»MOM* K»\x\»n^va\ {\\u The Fort Union coal iortn" 
i\\\\^\\. a^ \\x^ ha\v^ Mvn. uuxUrlies nearly all the lands in this re- 
fcjh>n, V wvpt the uunnuain \hstricts, hs C\xil ouiCR>ps are 
H\\n\e a xh^iauvv tuM\; the t^iihwul and nmil just recently only 
\t> vuauv auvt Indians ktvew vM' their vvcurrvnoc. The coal 
»x sM v^xssl v;\uvt\v\ a»^N*. */\^ sianv arc thick. The :i:r.o is not far 
xbxia\^*, wtvn v>\\t \\\V, V ""iv.uxl Nrc v^r. a *ar^e soa!e. :':>e same 
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could be had, the placers of this region would be among the 
leading placers of the west. 

This region with its building stone, with its gypsum for 
fertilizing, with its forests, with its medicinal springs, with its 
gold and silver veins and coal fields, and with its fertile soil 
and unequaled climate, is one of the best regions of New Mex- 
ico ; and under proper handling will become one of the wealth 
producing fegions of the country. 

1. Herrick, Bulletin of the University of New Mexico, Vol. I, 

pp. 38-43- 

2. William Jenks, in "New Mexico Mining Record." 

3. "Bulletin of University, of New Mexico,'* Vol. I, p. 103. 

4. Cope, *'U. S. Geographic Surveys west of the looth Meridian." 
Vol. IV, pt. II, p. 3. 

5. Oscar Loevv, Coal from the Rio Puerco, near Nacimiento, New 
Mexico, p. 632, Vol. Ill, Geographic Surveys of the Territories. 

6. Dr. Smith, "U. S. Geographic Surveys of the Territories." 9th 
annual report ; Monograph V^ol. Ill, p. 123. Also ''Journal of Geology," 
Vol. VIII, pp. 448-449. 

7. Endlich, **U. S. Geological and Geographic Surveys of the Ter- 
ritories, 9th annual report; Monograph Vol. Ill, p. 123. 

8. Cope. Annual Report of Chief of Engineers, 1875, p. 89, appendix 
LL. 

9. Cope, U. S. Geographic Surveys west of the lOOth Meridian Vol. 
IV, pt. II, pp. 17-18. 

10. Hkrrick, Bull. Univ. of New Mexico, Vol. i. plate XIII. 

11. Herrick, Bull. Univ. of New Mexico, Vol. i, 1899, p. 30. 

12. Cope, U. S. Geographic Surveys west of the lOOth Meridian. 
Vol. IV, pt. II, pp. 24-25, and U. S. Geological Surveys west of the 
lOOth Meridian, Vol. Ill, p. 163. 

13. LoEW, Analysis of Mineral Springs, Vol. III. U. S. Geographic 
surveys of the Territories. 

14. Herrick, Bull, of Univ. of New Mexico, Vol. i, p. 94. 

15. LoEW, U. S. Geographical Surveys west of the lOOth Meridian. 
Vol. III. pp. 578-582. 

Note.— Should the Fort Union (Laramie) coal series of New Mexico 
and Colorado prove to be middle Cretaceous ns many geologists contend 
it is, the formation called "Eocene" in this paper is'Upper Cretaceous. 

Dec. 17, 1902. 
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MORSE ON LIVING BRACHIOPODS.* 

Reviewed by 
Charx^bb Schuchbkt, Wasbing^ton. 

This very valuable and splendid work on some recent brach- 
iopods is of so much value to students of fossils of this class 
as to be deemed worthy of lengthy review in this place. I shall 
limit myself at this time to such parts of Prof. Morse's work 
as have direct bearing on fossil forms. The observations re- 
corded by the author were made more than twenty years ago 
and we had to wait this long time for this publication because 
of a minute study of Japanese potter^-. In the meantime much 
of the author's work on Lingula and Discinisca was anticipat- 
ed by Joubin and Blochmann. 

Habits. — Paleonlologists have long lamented that so Httle 
has been published on the habits of living brachiopods, and 
Morse remarks that it "is somewhat surprising when one con- 
siders the ease with which abundant material of certain species 
in life may be obtained. Without a study of the living animal, 
it is impossible to realize the activity of the lacunal circulation, 
the extreme mobility of various parts of the organism, the beau- 
tiful colors of the soft parts, and the varied and graceful at- 
titudes of the brachia." (p. 316). 

*'Many of these animals may easily be kept alive ; indeed, 
with the Ecardine fonns [Morse uses this term for the In- 
articulate, and Testicardines for the Articulate divisions] the 
vitality manifested by them is almost beyond belief. I brought 
home in mid-summer, from North Carolina, a distance of 
nearly seven hundred miles, living specimens of GlottiiUa pyra- 
midata. Those were kept in a small food bowl. They were 
afterwards carried to Easti>ort, Maine, and then to Troy, Xcw 
York, yet none of them died until lato in the fall, six months 
after. I also brought back from Japan a inimber of speci- 
mens oi a small s])ocios oi Lini^ula and not one of these died 
until late in the year. Joubin <ays 'the Crania remained cx- 
IKisod. U]>«)n m\- table, to the sun, c<:)kl, heat, without JHini:- in- 
jured. Xmnemus al^rae had invaded my ba^in<. I ha-; Kit 

• Ol»servatit»n'< «.»n Livinp Hriicliiojuula. ^leru. lii^stori S"C. \\.:. lli>t.. \', 

July. iv>uL': pp. :u:i-;'.sr,. plates :iy-»u. Bv Hii\v\ki» s. Muksk. 
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them entire months without changing thieir water which ought 
to have acquired a strong saltness. I have still the greater 
part of my Crania living seven months after their arrival in 
Roscoff and fourteen months after their gathering.' One can- 
not help associating this remarkable vitality in these genera 
with their persistence through geological horizons from the 
Cambrian to the present day almost unchanged in character. 
Living as they do in shallow seas, the gradual elevation or 
subsidence of the coast-line would in no way affect their con- 
dition. ***** They have survived all the mutations of geo- 
logical times unchanged, and with the persistence of this vi- 
tality, they may be the last forms of life to survive on the earth 
as they were among the earliest preserved. On the other hand, 
the Testicardine brachiopods do not possess this vitality, and 
this group has shown an infinite diversity of form since its 
first appearance in geological time'' (p. 316). 

Glottidia pyramidata occurs abundantly at low tide buried 
in the sand of Bird Shoals, Beaufort Harbor, North Carolina. 
These small diaphonous Lingulae with long vermiform pedun- 
cles, when placed on sand would oscillate their valves from side 
to side and the fringes of setae would move in regular rhythm, 
causing the sand to gather in an irregular ridge encircling the 
animal or encasing only the posterior portion. Other speci- 
mens dug themselves out of sight by means of the peduncle 
in a vermiform way, or buried themselves head first by means 
of the anterior portion of the shell in a shoveling motion. 
"When at rest, the body would be half out of its burrow, the 
shells partially open and the lateral setae standing vertical 
and meeting at their tips." If alarmed, the shells are quiclily 
jerked beneath the sand and out of sight. When the animal 
dies the shell **protrudes from its burrow and rests full length 
upon the sand" and the slightest jar of the vessel causes the 
body to float away from the buried peduncle. This seemingly 
explains why nearly all fossil Lingula are found flat on the 
planes of bedding. Two days after death to the body, the 
sand encased peduncle is as active as ever. 

Lingula lepidula of Japan would dig themselves out of 
sight in from ten to fifteen minutes, and completed the making 
of their peduncle sand tubes in from twelve hours to three 
days. These tubes were in every case cemented to the bowl. 
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Discinisca Stella of Nagasaki, Japan, "clung so closely to 
the rock, when first observed, that not until it erected itself 
on its peduncle did I become aware that it was a species of 
Discinisca, When I first dredged this species I mistook it for 
a species of Crania'' (p. 323)! 

Individual Age, — Regarding the age of individual Glot- 
tidia, Morse thinks that they live but one year dying in the 
autumn, and the same seems to be true of Lingnla Icpidtila, 
but L. anatina may perdure for two or more years. 

Protegulum, — In Lingula lepidula "the [dorsal] protegulum 
is oblong-ovate, the posterior margin being straight; the per- 
iphery of this stage is distinctly yellowish in color, and this 
is of interest as marking a distinct period in the shell growth*' 
(p. 322). 

"In Glottidia pyramidata, the protegulum, while showing 
a straight posterior margin with a slight shoulder as it con- 
nects with the subsequent growth, is circular in outline. * * * 
In a sjx^cies of Lingula collected in Nagasaki the protegulum 
is ovate with the same straight posterior margin. In all these 
instances, the peduncle is finiily adherent to the ventral shell, 
the beak of the dorsal shell standing free with an interspace 
between it and the peduncle." 

"In Discinisca lamcllosa, the [dorsal] protegulum is elong- 
ate-ovate with anterior and posterior margins equally rounded. 
A perfectly circular nucleus is outlined in the ix)sterior half 
of this stage. * * * * j|- jg ^j-j interesting fact that the succes- 
sive stages of Discinisca begin with a nucleus eccentrically 
related to a perfectly circular stage ; this circular stage, in 
turn, being eccentrically related to an oblong-ovate stage, 
which is the true protegulum ; and this, in turn, being eccen- 
trically related to an adult stage which is finally orbicular 
again.'* 

The phylogenetic significance of Morse's remarks on the 
protegulum of Discinisca is not yet ascertainable, and this is 
particularly true in the light of the recent work on Lingula by 
Yatsu.* Until this year it has been thought that all brachio- 
pods developed the first shell, or protegulum, on the inner side 
of the mantle before it is reflexed forward over the anterior 

* On the development of L4rsvlA anatina. By Naohidk Yastu. /Dumnl 
College ofScieaet Imp. Vair. Tokjto^Jmpma, xrli. pt. 2, art. 4. 1 902, pp. 1112. 
pU. 1-8. 
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lobe. In Lingula we now know that the neoembryo does not 
pass be)'ond the two lobed stage, and further that the posterior 
lobe is not the caudal lobe as in Cisfella, Lacazdla and Tcrc- 
bratulina. In Lingula the mantle is not reflexed and the pro- 
teguluni is therefore from the bej^inninp^ on the outer side of 
the animal. This discovery by Yatsu is seemingly of great 
taxonomic significance. 

Coccal tubules and punctate shells. — Morse states that *'a 
very marked characteristic of the Testicairdine group is the 
presence, in the shell of many of them, of tubules with which 
the pallium has an organic connection. * * * * Precisely 
what their functions are is still problematical. '^ * '''• * 
It has l>een suggested that they might be respiratory" or **were 
instrumental in conveying growth elements to the shell." In 
the Lingulidae they may have ''functioned as mucous tubes, 
but in these forms onlv the barest traces of their existence 
have Ixjen detected, and in no brachiopod have these i)ores 
been seen to open externally, at least in the adult form. It 
was long ago established that coecal prolongations of the pal- 
lium project into these tubular perforations of the .-hell. In all 
cases, at lea^t in the adult, a delicate periosteum covers the 
shell, and consequently the tubules do not communicate with 
the exterior. * * * « That the coecal tubules are sensory 
organs of some sort seems highly probable." ( pp. 324-325. ) 

The punctate nature of the shell in brachiopods is very 
common, and the very fact that these microscoi)ic perforations 
are so abundant in certain families ( terebratuloids and stroph 
omenoids) and absent in many others, shows that whatever 
may have been their function, it was not an essential organ to 
all of them. ( )n the other hancl. these perforations are always 
best develo])ed in the outer layers of the shell and may or may 
not l)e present on the inner layers. This condition of occur- 
rence unmistakably indicates that coecal prolongations of the 
pallium where present, is a feature of youth, and is therefore 
most commonly seen in the outermost layer of the shell. Fur- 
ther, that in some forms the tubules functioned throughout 
life over the greater part of th.e shell, while in other, and ap- 
parently the great majority of cases, they are restricted as 
functional r>rgaiis to the lateral ancl anterior margins. To 
make this |M>int clearer I will give a number of cases which 
mav be readilv verified bv others. 



u6 The American Geologist. February, 1903. 

In recent Terebratulina caputserpentis or T, septentrion- 
aHs, the punctae may be seen on the inner and outer side of the 
shells. On the inner side, everywhere excepting about the teeth 
and their sockets, the rostral and muscular region. In no 
brachiopod have I seen punctae over the area of the muscular 
insertions. 

In recent Liothyris vitrea the shell is very thin and is abun- 
dantly punctate on the inside as well as the outside except in 
the same regions as those mentioned for Terebratulina, 

In thick shelled Terebratiila, as T, grandis of the Cor- 
alline Crag, Suffolk, England, or- in T, harlani of the Upper 
Cretaceous of New Jersey, the inner layer has no punctae 
throughout the thicker posterior parts of the valves. The 
thicker, or the older the shell, the more restricted are these 
punctae to the lateral and anterior margins. 

In the strophomenoids, the regularly disposed punctae are 
well developed in the outer layer, but on the inside, very rarely 
if ever. However, in these forms, much of the anterior half of 
the inner sides of the valves arc covered with more or less 
large pustules or even blunt spines. These may be regularly ar- 
ranged in radial lines or irregularly scattered. Some of these, 
and especially the lower and smaller pustules, are plainly per- 
forate. Apparently a single comparatively large coecal pro- 
longation passed through these pustules and was branched 
toward the outer side in passing into the punctate outer layer. 
Undoubtedly in many cases these coeca became functionless 
and then the youngest or innermost shell layer over these pus- 
tules are not perforate. In nearly all strophomenoids the pus- 
tules are most abundant and perforate just inside the outer 
margin. The occurrences just described may be seen in the 
Lower Silurian RaHncsquina altcrnata. Upper Silurian Lep- 
taena romboidalis, Devonian Stropheodonta calviui, S, arcuata, 
or Carboniferous Chonetes granuUfer and Productella pyx- 
idata. 

These phenomena I find noted by Sharpe as long ai;o as 
1847 (Quart. Jour. Geo!. Soc. London, 1\', p. 6/, foot note). 
He states that ''an inner layer of unpunctated shell liiiiiii:^ rin 
outer punctate layer is of common occurrence anionic ilie 
Brachiopoda." Sharpe ol)scrved this in Orfliis, Lrf^turna, 
Productus, Chonetes, Crania, Thccidca and TcrcbvatuLi. In 
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conclusion he states "Taking a general view of these punctat- 
ed shells, it appears that in a very large majority of cases the 
punctations only remain open around the margins of the 
valves, so that it is probable that whatever function was served 
by these minute perforations, its operation was confined to the 
margin of the shell." 

It is to be hoped that students of living brachiopods will 
find out what are the functions of- these coecal prolongations 
of the pallium and whether* the "delicate periosteum*' cover- 
ing the outer shell actually prevents the caeca from function- 
ing except along the lateral and anterior margins. 

Setae. "A very characteristic feature of the Brachiopoda 
is the setae which fringe the borders of the pallium, * * * 
In the errantian forms [these vermian hairs] are highly mo- 
bile and act, as in the annelids, as locomotive organs. * * * 
The setae were primarily locomoter in . function and persist 
through inheritance, a secondary function being acquired in 
the Lingulidae in forming the lateral barriers to protect the 
palial cavity from the ingress of sand and mud. In other 
groups, a secondary acquisition has probably been established 
in furnishing a nidus for diatoms and other foreign growths 
which they sustain, often in rich abundance, for the benefit of 
the animal in furnishing, or attracting, a food supply. In all 
brachiopods, they undoubtedly act as a sensory apparatus for 
tactile impressions*' (p. 328-9). 

"In T. septentrionalis, the longitudinal ribbing of the shell 
corresponds to the number of setae ; that is to say, at the mar- 
ginal termination of every rib of the shell a seta projects; this 
is especially marked in the early stages of the animal" (p. 

331). 

Muscles. — It is evident from the work of Blochmann 
(Untersuchungen ubcr den ban der brachiopoden, Jena, pub- 
lished by Fischer, 1901) and Morse that our terminology of 
these structures needs emendation. For the inarticulates, 
Blochmann's temiinolog}- will probably come into use, but the 
application o{ these to articulate Paleozoic forms has not vet 
been attempted. 

Pallium. — "The pallium [or mantle] is the principal re- 
spiratory organ. * * * * yor can we consider the pal- 
lium apart from the shell, for both hard and soft parts of this 
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external covering belong literally to one and the same struc- 
ture/' 

*'In life, the pallium in the Lingulidcw exhibits on its inner 
surface and around its borders a rich brown i)iginentation. 
In the anterior portion of the pallium, this pigmentation as- 
sumes a definite color pattern. It is ix)ssible that these mark- 
ings may offer characters for sjx^ific determination, though 
they would have to \)c made out from living specimens, as in 
alcohr)! these colors entirely disappear. The perfect symmetry 
of this pattern on each side of a median line, the rich brown 
color of the design in contrast to the pure white or greenish 
tinge of the remaining surface, with the rosy tints of the red 
circidating fluid in the lacunae, render the pallium a most 
beautiful object in life. * ^sc j;^ * ^hc most conspicuous 
feature of the borders of the pallium are the crowded setae 
which spring from setigerous follicles somewhat deeply buried 
in the pallium." 

**\'iewing Glottidia from the dorsal surface, a treble, gourd- 
like outline is distinguished, which represents the boundaries 
of the coelomic wall. All markings within this outline are 
caused by tliie muscles, stomachal glands, genitalia, digestive 
tract, etc. All markings outside this outline are made by the 
brachia and the sinuses and lacunae of the pallium. 

**The region enclosed by the dorsal and ventral pallium, 
fore and aft and laterally, communicates freely with the sea 
water. The treble, gourd-shaped figure may be defined as 
follows: the anterior portion embraces the region of the dorsal 
attachment of the lateralis muscles and the ])harynx and 
oesophagus, and migiit l)e called the ])eri-oesophageal cavity ; 
the second gourd embraces the stomach, a ])(>rtion of the stom- 
achal glands, and the first and second anterior occlusors, and 
may pr()])erly l)e designated as the jKTigastric cavity; the third 
and largest gourd, forming the main coelomic cavity, is nearly 
circular in shape and includes the intestine, a jx^rtion of the 
stomachal glands, the ne])hridia and genitalia, an^l the ol)li(|ue 
and posterior occlusor nniscles : this region may he called the 
perivisceral cavity" (])]). 34()-33i ). 

Pallial sinuses and blood circulation. — jjecaiii-t.- these sin- 
uses are so often impressed both upon articulate and inarticu- 
late brachiopods, it is deemed ap])ropriate to (|Uote Mor<e's 
description of them at length. 
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**The two broad pallial sinuses, so characteristic of all the 
Lingiilidae, start from the perivisceral cavity ^t its junction 
with the perigastric cavity. ♦ ♦ * * The two main sin- 
uses run to the anterior portion of the pallium, and, in Glot- 
tidia, make a graceful outward curve at the start and then a 
slight inward curve. The anterior terminations of these sin- 
uses are only one-third the distance apart which separates 
them at their origin. On the inner side of these sinuses there 
start short lacunae reaching nearly to the median line and 
slightly inclined anteriorly. On the outer side of the sinuses 
there spring from nine to eleven lacunae having the same an- 
terior inclination and reaching nearly to the base of the setae 
in the lateral margin of the pallium. * ♦ * * Xhe current 
passes outwardly along the inner side of the great pallial 
sipus, running into all the inner lacunae in turn, then 
reaching the anterior end of the sinus, it returns on the 
other side, running into each gill-bearing lacune in turn and 
coursing through each gill lappet. * * * * Another sinus 
turns directly backward from the oix?ning of the main pallial 
sinus and follows along close to the lateral margin of the pal- 
lium sending a series of branching lacunae to the shallow 
posterior jxDrtions of the pallium. This T have indicated as 
the lateral pallial sinus. Beside the main pallial sinus and the 
lateral pallial, there is another which turns abruptly back from 
the main sinus o])ening. runs along on each side of the gourd- 
shaped outline of the perivisceral cavity, inclining slightly 
toward the median line, and disappears in a distinct round 
opening near the ix)sterior lateral lK>rder of this outline. This 
I have designated the coelomic sinus. * * * * "fj^e pal- 
lium of L. Icpidula shows marked differences from that of 
Glottidia in the disposition of the main pallial sinuj^es and of 
the smaller lacunae. In L. Icpidula, the main sinuses run near- 
er the lateral margins of the pallium, and their terminations 
are wider apart than in (ilottidia ; furthennore the sinus has 
a unifonn outward curve. The lacunae, which run off to the 
right and left with such regularity in Glottidia, are irregular 
and branched. '•' * * * The blood pours out of this open- 
ing (apparently the one to the perivisceral cavity) in a vigor- 
ous current c^n the inner side, runs along the inner side of the 
great pallial sinus, coursing through all the lacunae succes- 
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sively and then returns on the outer side, following up and 
down each lacune in turn. As the current approaches the main 
pallial opening, a part of the current is diverted to the outside 
of the lateral sinus, where it runs to the posterior end of the 
body to return on the inner side of the sinus, back to the main 
pallial opening into which it is directed. The sinuses, lacunae, 
,and all details are symmetrically developed on each side of the 
median line. ♦ * ♦ ♦ it is difficult to realize, unless one 
has seen it, the vigorous character of the flow of these cur- 
rents. When the damming of the current takes place and a 
rapid accumulation of blood corpuscles piles up at the closed 
openings, the flood is impetuous when it starts again. The 
volume of this flow is so great that if any special organ was 
implicated in its propulsion it would easily be detected. No 
such organ, however, has been found. * * * * From the 
above observations on the circulation of the blood in the Lin- 
gulidae, it is certain that a propellent organ or heart is want- 
ing in these animals" (pp. 351-355). 

Students of fossil or living brachiopods cannot afford to be 
without this work of Prof. Morse, and no review will do it 
justice. In conclusion I will here present Beecher's summary 
of this work : — 

"Morse's observations refer principally to the genera Lin- 
gula, Glottidia, Discinisca, Hemithyris, Dallina, Terebratalia 
and Terebratulina, The points of especial interest comprise 
the discussion of the otocysts, pharyngeal glands, the accessory 
hearts of Hancock, the strand-like spermaries, the pallial cir- 
culation, the life attitudes of different forms, and particularly 
the varied and graceful movements of the brachia. The strand- 
like spermaries and the pharyngeal glands are characters here- 
tofore undescribed, and further details are given regarding 
the external glands first described by the author. The pres- 
ence of otocysts in Lingula and Glottidia are definitely shown 
although Blochmann has doubted their existence in these gen- 
era. The organs described by Hancock as the *hcart' and the 
'accessory hearts' have been frequently investigated by various 
observers, but no final conclusion has been reached. The 
author shows that they cannot Well belong to the circulatory 
system, but must be regarded as in some way connected with 
the genitalia, though their pnedse functions have not yet been 
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determined. The plates accompanying this memoir were 
drawn by the author in his usual clear and artistic manner. 
They represent just what is intended to be shown, and are ev- 
idently depictions of natural objects." (Science, Dec. 5-1902, 
pp. 901-902). 



TIMBER LINES.* 

By ISRABL C. RussBLL. Ann Arbor. Mich. 

"Timber-line" as commonly defined, is the upper limit of 
arboreal vegetation on mountains. Its position is determined 
mainly by the occurrence of a mean annual temperature of 
about 32 degrees Fahrenheit, but locally its elevation is regu- 
lated bv soil conditions, and bv differences between various 
localities in snow-fall, severity of winter storms, exposure to 
the sun, etc. It may with propriety be termed the "cold timber- 
line." Above it on high mountains, there is commonly a re- 
gion occupied by alpine flowers, and still higher a region of 
perpetual snow. When traced from warm to colder regions, 
or in general from equatorial toward polar regions, it becomes 
lower and lower; in North America it descends nearly to sea 
level in Alaska and northern Canada, where it defines the nor- 
thern limit of the sub-arctic forest and becomes the * 'contin- 
ental timber-line" to the north of which lie the barren grounds 
and tundras, which correspond to the zone of alpine flowers 
on lofty mountains in temperate latitudes. 

On some of the mountain ranges of the arid portion of the 
United States, there is a lower limit of tree growth, the pK>si- 
tion of which is determined in the main, by insufficient moisture, 
and locally by soil conditions, including the presence of alkali, 
hot winds, forest fires, exposure to the sun etc. This may be 
termed the *'dr>' timber-line." Below it are treeless, g^ass- 
covered plains and valleys. On the mountains of central Ida- 
ho, the cold timber-line is sharply dra\sTi at an elevation of 
about 10.000 feet, while the dr}- timber-line, equally well de- 
fined, has an elevation of about 7.000 feet : between the two 
there is a l>elt of forest trees which encircles the mountains. 
In southeastern Oregon, Nevada, southern California, etc., 
where the climate is excessively arid, the dr\- timber-line is 

•Abstract of a paper read at the late meeting. G. S. A. at Washington, D. C. 
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higher than in Idaho, and in certain localities meets the cold 
timber-line and the mountains are bare of trees from base to 
summit. The drv timber-line decreases in elevation when 
traced from arid to humid regions. In the central part of the 
continental basin of North America, it defines the border of 
the treeless portion of the Great Plateaus and the prairie plains, 
and at the north coincides with the southern limit of the sub- 
arctic forest. On the torders of the treeless plateaus and the 
prairie plains the position of the margin of t^e encircling for- 
est is detenuined mainlv bv lack of moisture, but is varied lo- 
cally by soil conditions, hot winds, forest fires etc., in the same 
manner that the lower limit of tree growth on the mountains of 
arid region is regulated. 

When the humidity is sufficient for the growth of trees, as 
for example on the mountains of New England, the dry tim- 
ber-line disappears. An arid region may be bordered at a low- 
er elevation, by a region with sufficient humidity to permit 
trees to grow, and may then be bordered both above and below 
bv the drv timber-line, as is the case in Idaho. Where an arid 
region reaches sea level as in Arizona, southern California, 
and the west coast of Mexico, etc., there is no forest below the 
arid belt, and in certain localities the drv timber-line meets 
the cold timber-line, and the mountains are bare of trees from 
sea level to their summits. 

There is also a third general cause which draws a limit to 
timber growth, namely, excessive humidity, as for example 
on the borders of swamps, the margin of lakes etc., which may 
perhaps be termed the "wet timber-line." 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Report i){ the state geologist on the mineral iv.dustries ami 'fieido^y of 
eertain areas of J'eniiont. Tliird of tliis mtIcs. I(;()i-1(;oj. (jVjk 11. 
Perkins. • 

Beside-^ >kctclK'S of two early p:co!oi;i^t> of Wrniniii ( Tliompx-ii 
(in Wing) \'v:)i. l\'rkin> ha- prc^unird in llii> lxcvP-ih lojiMri. with 
many vixid half-tniu* jdati-- ol natural gc.lMoic -.0 lu-. nmi^ t";ill aiil 
accurate dt-'^criijiinn^ than haw rvt-r iK-fcn- hcru piihH-lu d. mi' -.«T,r of 
the important point- in th.; .^coloj^y ••! Wrniont. I "h. ic 1- a -pn^:;;] 



Review of Recent Geological Literature. 123 

study of the granite of Barre, Vermont, with a geological' map of 
Orange county, with parts of contiguous counties. This map shows 
twenty-five isolated small areas of granite, the chief of which are in the 
geographic area of the Washington limestone, or marble. This lime- 
stone has been hitherto considered Upper Silurian,'' (Dana) but Dr. C 
H. Richardson, who contributes this chapter, shows by the discovery of 
fifteep species of fossils that it is of the age of the Lower Trenton. He 
also remaks that so far as Orange county is concerned there is no ap- 
pearance of non-conformity between the eastern slate (the bottom of 
the Trenton) and the western (the culmination of the period), but the 
succession is continuous from east to west. "If ever such relations are 
found iKtween upper and lower Silurian terranes of eastern Vermont, I 
am confident that it will be in the vicinity of lake Mcmphrcmagog. 

Prof. IVrkins gives a full description of the geology of Grand Isle, 
of the Chamt)lain valley, on which is found a series of strata running 
from the Beekmantown to the Utica, accompanied by a geological map 
of the island. He was assisted by Prof. H. M. Secly who has rendered 
a discussion of the sponges of the Chazy formation, and H. W. Shimer 
who has petrographically examined the dikes of the island. N. h. w*. 

Magnetic declination tables, and isoironic charts for 1902, and Princi- 
pal facts i'clatinfr to the Earth's magnetism. L. A. Bauer. U. S- 
Coast and Geodetic Survey. O. H. Tittmax. Superintendent. 
Washington, 1902. 

This valuable document should be in every geologist's library. The 
long series of magnetic observations conducted, or collected, by the 
United States Coast and (ieodetic Survey, begins to bear fruit of high 
scientific value- Other publications of the survey have isogonic charts 
of equal magnetic declination, but this volume not only is a compend 
of all prt-vious data and tables, but contains an instructive presentation 
of the progress of knowledge concerning the magnetism of the earth, be- 
ginning with the the earliest mention of the magnet or lodestone and 
its polarity, the discovery and improvements of the mariner's compass, 
the dipping action of the needle, the discovery of (iilbert in the six- 
teenth century that "the earth itself is a great magnet," . the causes 
thereof, the declinnlion of ilu magnetic neerlle, the secular change of 
ihe magnetic declination discovered by (iellibrand in 1634, the secular 
variation of dip and of intensity of the magnetic needle, the time in- 
tervals between extreme positions of the ncLdle, the irregularities of the 
same, the general clocku^isc direction of the secular variation of the north 
end i^ the needle, the diurnal variation of the magnetic declination, its va- 
riation with the sun-spot ])eriod ( 1 1 years) . annual variation of the mag- 
naic (leeliiKition. ii^^ canse or causes are outside the earth, magnetic 
storms, iheir re]aii()n to solar activity, t«^ earth's cataclysms, ( earthfjuakes 
iind \(»leanie oiitl)ur>ts) and to electric currents in the upper regions — 
ilu'-r tnni.;>, and tile ways and nuans of recording magnetic observa- 
iMn-^.. (.sjjroially in tlu- I'nited States, and charts expressing the geo- 
urapliie /r.n -^ (^\ \arialinn. are lucidly i-rtsented by Dr. Bauer in an 
inir(t(luctMry eha])ter. The body of the volume is taken up with a record 
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of magnetic declination in .he United States and outlying territories 
reduced to Jan. I, 1902, and by descriptioiis of the magnetic staiionii. 

Jo-ija Geological Sunvy. Volume XU, AHnual Report, igoi, wiV/i ac- 
companying Papers. SamI-'el Calvin. Stale Geologist; A. G. Leon- 
ard, Assistant State Geologist. Pages 511; with 6 folded maps. 11 
plates, and 78 figures in the text. Des Moines, 1902. 
The administrative report of the state geologist, in [Wges 11-27, shows 
that the Survey had been completed in fifty*three counties, and was in 
progress in eight others, leaving ihirty-eight counties in which it had 
not been begun. 

The Mineral Production of Iowa in 1901 is reported by S, W. Beyer, 
in pages 37-61. its total being $[2,204,160. Its several parts of chief 
importance were as follows: coal, $8,051,806: clay products. $2,774,200, 
stone, $78i,75<>: gypsum, $562,500; lead and zinc, $16,300: and iron 
ore, $4,876. Each was considerably increased abo\e the production 
for the year 1500, the aggregate increase being abom $1,800,000. 

This volume contains reports on the geology of six counties, namely, 
Webster county, by Frank A. Wilder: Henry county, by T. E. Savage; 
Cherokee and Buena Vista counties, by Thomas H. Macbrid,-; Jeffer- 
son county, by J. A. Udden ; and Wapello county, by A. G. Leonard. 
Webster county is of exceptional economic interest on account of 
its exti:nsive mines of coal and gypsum. An area of 60 to 70 square 
miles is occupied by the gypsum deposit, which varies in thickness 
from 10 to 25 feet, directly underlying the glacial drift. It is regarded 
as probably of Permian age, but possibly Triassic or Cretaceous. This 
chapter treats quite fully of the commercial uses of gypsum, giving 
details and statistics of its manufaaure as plaster, and of its prOiduc- 
llon in oth:^r parts of the United States, in Canada, and in European 
countries. It is followed by an important paper, in pages 19J-22J. on 
the Gypsum Industry in Germany. 

Each of the other countie:; described has many interesting features 
of stratigraphic geology and of the glacial drift series. .Although Iowa 
has contributed much to the di.seovery >.f the complex history of the Ice 
age, much also yet remains to be ascertained, by further observations 
and discussion, concerning the mode of deposition, ensuing erosion, 
and age, of its successive drift formaations. \v. v. 

A System of Glacier-Lakes in the CIcv.-land Hills. By Percy Fry 
Kendall, Lecturer on Geology at the Yorkshire College. Leeds, 
England. (Quart. Jour. Gcol. Sot ,vol. Iviii, pp. 471-571. with pis. 
xx-xxviii; August, ipoa.) 

The areaihere described is the northeast part of Yorkshire, adjoin- 
ing thi- c'W'i iif till- -Niirib sen from Filey Brigg, near Flamborough 
hi-ail, tinnluvtsrrrly lo ihe river Tecs, and reaching back from the const 
hboiit thirty milM. The ice-sheet that overspread Scotland anil Ire- 
land, the basin ol the IrUlt »ta, and northern Enirland. flowed to the 
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the present coast line, advancing upon the land to a distance that varies 
from two to eight miles. Thus obstructed; the valleys and dales of 
this hilly district held many glacier lakes, as shown by the channels of 
their outflow over present lines of watershed. Lake Pickering, 24 miles 
long from east to west and 8 miles wide, was the most southern and the 
largest of these ice-dammed lakes; and lake Eskdale, joining with the 
Kildale lake, in the northern edge of the district, was the second in 
size, measuring 10 miles in leng^th. 

The author finds evidences of a long period of preglacial elevation 
of this region. During the continuation of that time the European ice- 
sheet, flowing outward from the Scandinavian peninsula, extended 
across the entire basin of the shallow North sea, then a land plain, 
bringing boulders and pebbles from Norway to the English coast. 

w. u. 
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Dr. H. Foster Rain will give a series of lectures on ec- 
onomic geology before the students of the geological depart- 
ment of the University of Chicago, beginning about February 
15th. 

(tkological Society of Wasiiinctox. At the meeting 
of this society held on Wednesday, January 28th. the follow- 
ing program was ])resented : "The drainage of the valleys oi 
Mexico," S. F. Fmmons ; "Xotes on the geology of Mulokai, 
Hawaiian islands," W'aldemar Lindgren. 
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Professor C. R. Van Hise delivered an illustrated lec- 
ture on "Earth movements" at Northwestern University on 
the evening of Thursday, January 22nd. The lecture was 
given under the auspices of the University Guild. 

There is such a thing as housing a sixpence so 
close to the eye as to hide the remainder of the visible uni- 
verse, and I am afraid that we have held the sixpence of 
smelter returns so close to our eves that we have failed to see 
the far more important fields for agriculture and grazing. 

w. b. phillips. 

The Council of the Geological Society of London 
has made the following awards for the present year: The 
WoUaston Medal to Prof. Rosenbusch, of Heidelberg ; The 
Murchison Medal to Dr. Charles Callaway; The Lyell Medal 
to Mr. F. W. Rudler, lately of the Museum of Practical Geol- 
ogy ; The Prestunch Medal (given for the first time), to Lord 
Avebury ; The Bigsby Medal to Dr. H. M. Ami, of the Can- 
adian Geological Survey ; The balance of the IVollaston Fund 
to Mr. L. L. Belinfante, of the Geological Society; The Mur- 
chison Fund to Mrs. Robert Gray, of Edinburg; The Lyell 
Fund is divided between Mr. S. S. Buckman and Mr. G. E. 
Dibblev. 

Wisconsin Academy of Science, Arts and Letters. 
At the late meeting at Madison the following geological pa- 
pers were presented: 

Notes on the red slate deposit of south :western Arkansas. IV. IV. 
Daniells. 

The relations of metamorphism to the redistribution of the chemical 
elements. C. R. Van Hise. 

The erosion history of south-western Wisconsin. E. C. Perisho. 

On a record of post Newark subsidence and subse(|uent elevation with- 
in the area of south-western New England. W . If. Hobbs. 

Notes on the Kansas City prehistoric skeleton. Daniel Foikmar. 

New or little known extinct vertebrates from the Permian Beds, of 
Texas. E. C. Case. 

excoi'ragkment of mining geology. 
Among the new chairs recently established at the New 
Mexico School of Mines is that of Geology of Mineral De- 
posits. Tiiis de])artnient is under the direct supervision of 
tlic president of the institution. Dr. Charles R. Keycs. This 
l^ranch is made one of the three principal lines along which 
mining" engineering is s])ecialized — the other two being the 
nietallnri^ical and the more strictly mechanical phases. Tn 
order to encourage investigative work along broad lines, in 
the several ])ranclies of mining engineering, the New Mexico 
Sclio )1 of Mines has already begun to establish a comprehcn- 
>i\e sx.^tem of fellowships and scholarships. 
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There is contemplated in the completed system the estab- 
lishment of two classes of fellowships and two classes of 
scholarships. The first named grouj) includes ordinary fellow- 
ships expected to yield annually about $300.00 each, and the 
traveling" fellowships to yield about $500 and $1000. 

The Board of Trustees has already established 90 scholar- 
ships divided into two groups. 

Fifty scholarships, each yielding about $100 annually, are 
open to students living in the United Stales. They are held 
for one year. These sch()larshii)s are assigned during the 
first semester of each academic year. 

There is one scholarship for each state in the l^nion. The 
student from each state passing the best examuiation for en- 
trance to the School, or to advanced standing, or furnishing 
eviflence of best qualifications to carry on the work in this in- 
stitution, is awarded the scholarship for that slate. The 
state .<?cholarshii)s are bestowed upon tlie following conditions : 

1. The application must be made in writing before ^Tay 
I of the academic year i)rece(ling that in which the scholar- 
ships are awarded. 

2. Accompanying the ai)plication should be a short state- 
ment of the candidate\s previous training, and an indication 
of the course he wishes to i)ursue. 

3. Ai)i)licants for the state scholarshii)s are exi>ected to 
proceed to the etigineer's degree. 

4. Holders of scholarships are not exempt from labor- 
atory fees. . 

In case in any one year worthy condidates do not ofifer 
themselves from any one state, the Board at its option, re- 
serves such appointments, or awards them to a])plicants from 
other states, preference being given to students who already 
hold college degrees, or who ])resent evidence of unusual at- 
tainmnts in mining studies. 

b'orty scholarshi])s, each yielding $25 a year and o])en to 
students who are actually residents of Xew Mexic(\ They 
are good for one year: and are bestowed at the beginning of 
each academic year. 

These sch(.)larships are awarded to the two students from 
each county in Xew .Mexico passing the best examinations iov 
entrance, or for a(lvancc<l admis>ion to the School, on ])rc'- 
senting evidence of the best <iualiticati<)n for carrying on tlu* 
work of the course selected. 

Examinations nnist be taken at the regular lime at tlu- end 
or at the beginning of the academic war. A^ in tlu' ca^c of 
the state scliolarshi])S, the Xew Mexican .scliolar^M])^ arc 
bestowe<l as honors, as incentives to gixxl wnrk. IIoLKt^ 
of scholarshijis are exjjecled to pmcred i<> a dcL^rcr. 
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THE L H. HARRIS COLLECTION OF INVERTE- 
BRATE FOSSILS IN THE UNITED STATES 

NATIONAL MUSEUM. 

By Charlbs Schuchbkt, Washington. 
PORTRAIT— PLATE XI. 

I 

In the winter of 1897-1898, the National Museum received 
by bequest a very valuable private collection representing the 
Lower Silurian faunas and the archaeology of southwestern 
Ohio. This collection is the result of nearly fifty years of un- 
tiring effort on the part of Mr. Israel Hopkins Harris, and 
it is fitting to give here an account of the builder and his col- 
lection, now that the fossils have reached their final destin- 
ation in the National Museum. 

Mr. Israel Hopkins Harris was bom in Centerville, Mont- 
gomery county, Ohio, November 23, 1823, and died October 
17, 1897. His ancestors were New Englanders and his grand-' 
father settled in Centreville, Ohio, early in the last century. 
At this place his father, James Harris, was born in 1801 and 
in early manhood became a prominent merchant at Waynes- 
ville, Ohio. His mother w^as Rebecca C. Jennings of Glou- 
cester, New Jersey, of an English family tracing their lineage 
])ack to the time of the Conquest. 

The subject of this sketch was the oldest of five children 
and entered Yale College in the Junior class of 1844. Grad- 
iiatini;- in 1846, he took charge of his father's business, and in 
1S53 l)ccanic the junior partner of the banking firm of Stokes 
and llarris. This firm was continued until 1868, from wdiich 
lime until 1897 the Exchange Bank of Waynesville, Ohio, 
\va.> carried on bv Mr. Harris. 
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At Yale Mr. Harris received his training in geology from 
the elder Silliman. This study so fascinated him that shortly 
after leaving college he applied himself, as well as his busi- 
ness permitted, to the geology of southwestern Ohio. For 
nearly fifty years he gathered the well-preserved fossils of the 
Cincinnati group and accumulated the most extensive col- 
lection extant of the rarer forms, as star-fishes, cystids, crin- 
oids, and trilobites. 

The bulk and most valuable part of the T. H. Harris col- 
lection consists of fossils from the upper half of the Cincin- 
nati group, there being rei)resented from the entire series of 
beds about 570 species out of a total of about 1.000 known 
fomis from the Cincinnatian strata, of which from 100 to 150 
are new species. 

The Bryozoa are particularly well represented by an 
abundance of carefully selected specimens, the result of at 
least ten years collecting by Mr. Ernst H. Vaupel, a special 
student of this class oi organisms. Many new species are 
present. 

The starfishes, as is well known, are the rarest of Pale- 
ozoic fossils, and 'Sir. Harris fully appreciated this fact. The 
discovery of a piece of a starfish would lead him to set a lab- 
orer to dig for days, and in more than one case was he thus en- 
abled to secure entire individuals. By constant watch for 
these choice fossils, he eventually secured al)out fifty speci- 
mens, and there is no better preserved material than this in 
the Harris collection. The writer hopes soon to publish a 
monograj)!! of these fossils. 

Of those peculiar Pelmatozoa, the Edrioasfcroidca { Cy- 
clocystoidcs, Cystastcr, Ilcniicystitcs, Lcpidodiscns, and Strcf*- 
faster), the collection has more than 200 specimens, many of 
which are quite ])erfect. 

Of crinoids, the cc^llection has, after removing the (lu]ili- 
cates, about 1400 sj)ecimens (;f the genera Anomalocritius, 
Coiupsocrinus, Dendrocrinus, Ectcnocrinus, Glypiocriniis, 
Ilctcrocrlnns, Isocrinus, Merocrimis, OJiiocrimis, Ptycliocriii- 
us, PyciiDcrimis, Rcfeocriinis. RhapJianocrinus, and Xcnncrin- 
lis. The great scientific value of this unicjue series is further 
enhanced by the presence of twelve large and iini(|iK- slabs, 
each showing from ten to thirty specimens. ( hw of tlusr has 
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a total of twenty-five specimens of Rhaphanocfinus sculptus, 
Dendrocrinus casei, Composocrinus miamiensis, and Xeno- 
criniis bacri, all of which* are rare species. Of Xenocrinus 
penicillus, Mr. Harris secured the entire colony, and speci- 
mens now in other museums than the National Museum are 
a part of the original lot. It is, without doubt, the most select 
and extensive series of Cincinnatian crinoids ever assembled. 

The trilobites are also well represented, since more than 
300 specimens are present illustrating the genera Acidaspis, 
Ceraiirns, Dalmanitcs, Isotcliis, Lichas, Proctiis, Triarthrns, 
Trinucleus and more than 2,000 specimens of Calymene calli- 
cephala. 

Another very valuable feature of Mr. Harris* work was 
the great care he gave to cleaning and labelling the material, 
which enabled the writer and Mr. R. S. Bassler to locate ac- 
curately all the specimens in the twelve zones of the Cincin- 
natian group as recently defined by Mr. John M. Nickles. 
The collection as now recorded will have a pcmianent value, 
not only to the morphologist, but to the detailed stratigrapher 
as well. 

From the celebrated crinoid locality at Crawfordsville, 
Indiana, there are several hundred fine specimens and a small- 
er but good series of crinoids from Burlington, Iowa. Other 
places well represented are Waldron, Indiana, and the famous 
Carboniferous plant locality of CJrundy county, Illinois. From 
these localities there are about 180 species. 

Paleontologists have not failed to recognize Mr. Harris' 
work, and in the record we find that S. A. Miller named four 
species in his honor and James and Ulrich one each. These 
belong to the genera Compsocrimis, CyafJiocrinus, Lichas, 
PaJaeaster, Hclopora, and CalloporcIJa. 

The collection of fossils as now arranged in the National 
Museum is divided into two series, an exhibition and a study 
series. The exhibition series has about 3.400 of the best and 
most showy specimens, mounted on 365 tiles or blocks, while 
the study collection is kept in 56 large drawers, and is not 
on exhibition. Together both series are recorded on the 
Mnscnin register under 1,250 numbers, representing about 
750 species and 17.000 specimens. Of these, 26 species are 
represented by either the original type or figured individuals. 
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The archaeological specimens, many thousand in number, 
are now being studied and arranged for exhibition, and will 
be described at another time. 

Some years ago, when the writer resided at Cincinnati and 
was associated with Mr. Ulrich, the enthusiasm of our youth 
led us to plan a monograph of the fossils of the Cincinnati 
group, and in this plan the Harris collection was largely to 
serve; but the cost of production was so great that the work 
had to be reluctantly abandoned. Since then, the U. S. Na« 
tional museum has or will acquire the collections of I. H. 
Harris, E. O. Ulrich, Charles Schuchert, Ernst H. Vaupel, 
Henry E. Dickhaut, and Ray S. Bassler. It is safe to say 
that, during the next few years, the national collection of Cin- 
cinnati fossils, after removal of the duplicates, will contain 
not far from 50,000 specimens and will be the most extensive 
in existence. The plans of our younger days will again be 
brought forward when the above mentioned collections have 
received their preliminary arrangement. 

Itt this connection, it is gratifying to note what the Cin- 
cinnati region has done for American palcontolog}-. The 
well preserved and abundant fossils of this region have at- 
tracted and made many a local collector, the attraction, as a 
rule, beginning with his school days. It would not be difficult 
to give a list of fifty names of such workers, and twenty-five 
years ago the writer knew not less than twelve other boy col- 
lectors about Cincinnati. For tlie sake of noting the appar- 
ent fact that environment has much to do with the making of 
paleontologists, only those collectors who have enriched the 
science by collections or publications will be named. These, 
somewhat chronologically arranged, are: Dr. John Locke, 
David Christy (author of **Christy's Letters on Geology," 
1848,) F. B. Meek (Madison, Ind.), S. T. Carley, U. P. James, 
C. r>. Dyer, S. A. Miller. A. G. Wcthcrhy, John Micklcborougli, 
Joseph L. Moore (Richmond, Ind.), Dr. Richard M. Byrnes, 
Dr. H. H. Hill, I. H. Harris (Waynesvillc, Ohio), Dr. L. 1^». 
Welch (Wilmington, Ohio), Dr. W. S. T. Comctt (Madison, 
Indiana). J. Kelly O'Xeall (Lebanon, Ohio), Mrs. Mary 1\ 
Haines (Richmond, Indiana), E. O. I'lrich, Joseph F. James. 
Charles Schuchert, John M. Nicklcs.lv H. \'anpcl, 11. \\. Dick- 
haut, T. [. Patterson, D. A. ^^IcCord (Oxford, Ohio), G. \V. 
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Harper, George Oeh, C. L. Faber, Dr. D. T. D. Dyche (Leb- 
anon, Ohio), John Misner (Richmond, Ind.), R. S. Bassler, 
Dr. George M. Austin (Wilmington. Ohio), John Hammell 
(Madison, Ind.), A. Albers, George Ashemian, George C. Hub- 
bard (Madison, Ind.). Truly, no other region has developed 
so many collectors, paleontologists, and stratigraphers ! 

A retrospect of the past twenty-five years, however, brings 
out another fact, namely, that the natural conditions alone 
will not produce a large crop of collectors. There must be 
also personal stimulus and example, and today the Cincin- 
nati hills, although as rich in fossils and far more accessible 
than in the days of horse cars, have no adequate band of 
workers. It is true that here and there a new collector is 
attracting attention, but the teachers and exemplars of twenty 
years ago, as Miller, James, Wetherby, Hill, and Byrnes, are 
no longer present. T\\t Cincinnati Society of Natural His- 
tory can again be this stimulus, as it was twenty years ago, 
and it is to be hoped that the present curator may receive the 
abundant support of the citizens of the Queen City of the 
West. 

U. S. National Museum, January, 1903. 



BLOCK MOUNTAINS IN NEW MEXICO. 

By DoDGLAS W1L8ON Johnson. 
PLATE XII. 

At the recent meeting of the Geological Society of Amer- 
ica in Washington, D. C, the papers of G. K. Gilbert, W. M. 
Davis, and M. R. Campbell on the basin-range structure of 
mountains led to a discussion of the detailed nature of block- 
faulting and some phenomena connected therewith. It was 
suggested by C. R. Van Hise that where such faults occur, 
the disparity in position of the strata on either side of the fault 
is brought about, not by a single great drop or upthrust. but 
by a more or less extensive series of parallel breaks. This 
\'an Ilisc terms a "distributive fault,'* and he regarded such a 
fault as the usual if not necessary agent in the formation of 
mountains (^f the basin-range type. Davis was of the opinion 
that in the cases cited by him one great fault along a single 
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plane would explain the phenomena observed, altho the ex- 
istence of other parallel faults was regarded possible. In some 
of the cases cited bv Gilbert the existence of several such 
fault planes was shown. 

The presentation of these papers, and the discussion which 
followed, recalled to the writer's mind some few observations 
made in the mountains of central New Mexico during recent 
years,' and while they may add nothing really new to what is 
already known of block-faulting, they are here recorded as of 
possible passing interest. 

Twelve miles east of the city of Albuquerque rises the 
abrupt western escarpment of the north and south range of 
the Sandia mountains, to a hight of over five thousand feet 
above the Jevel of the city, or over ten thousand feet above 
sea level. The range consists essentially of a great monoclin- 
al uplift of granite and metamorphosed sedimentary rocks, 
•apped by easterly dipping limestones and sands of Upper 
Carboniferous age. The western face is steep and rugged, 
presenting a very bold and striking topography. The eastern 
slope is very gentle, and comparatively smooth and unbroken. 
The western base of the range is fairly regular along the 
north and south line, altho this regularity is somewhat ob- 
scured by the advanced stage of erosion and the great alluvial 
fans which extend well up into the canons. 

At the base of the western escarpment occurs, exposed in 
several places, limestone from which Dr. C. L. Herrick col- 
lected a few poorly preserved fossils of Carboniferous age. 
This limestone on the western side of the great fault plane 
appears to be the equivalent of the beds capping the range 
on the eastern side of this plane, and indicates a fault of more 
than three thousand feet. A few miles further soutli, along 
the base of this same monoclinal ui)lift, we find the Red Ijcds 
of still later age, exposed just at the base of the escarpment. 
It is thus evident that the great movement which gave to the 
mountain its precipitous western face was along this one 
plane, or at least along a series of parallel planes contineil to 
so narrow a zone as to constitute, for all ])ractical j)ur])()?es, 
but one single plane. Xo evidence of more than one such 
plane was seen. 
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This great fault along one prominent plane, however, was 
only one of a large series of parallel faults more or less close- 
ly associated. How many such faults lie buried beneath the 
alluvium to the west is of course unknown, but just west of 
Albuquerque, at a considerably lower level than the Carbon- 
iferous limestone beds at the base of the mountains, are ex- 
posed easterly dipping sands which have been referred to the 
Tertiary by Dr. Herrick ; while still further west, on the same 
level with these sands, the Cretaceous is shown. The contact 
between the Tertiary and Cretaceous is interesting in this con- 
nection, as it is along a broad fault belt, the belt being char- 
acterized by a beautiful set of easterly dipping blocks faulted 
along a series of parallel planes. 

But this faulting was not confined to the region west of 
the scarp. While, as stated above, the eastern slope of the 
mountain is comparatively smooth, a closer examination shows 
that it is broken by a series of blocks faulted along planes 
parallel to the main escarpment, as well as along vertical 
planes more or less nearly at right angles to these. In fact, 
the whole eastern slope is covered with duplications, in min- 
iature, of the entire great uplift. As these faults are usually 
normal, the summit of the range is really formed by those 
l)locks of this smaller series which have dropped down (com- 
paratively) the most. The essential figures are shown in the 
diagram (fig. i.). 

This same structure is shown still more beautifully in the 
Magdalena mountains, seventy-five miles further south, where 
the development of extensive lead-silver mines has aflPorded 
excellent opportunity for the study of detailed features. Here 
again the range consists of a great monoclinal uplift, whose 
abrupt granitic escarpment faces eastward, while the more 
gentle slope of the limestone beds is toward the west. When 
seen from the northwest, the beautiful series of the smaller 
limestone blocks stand out with diagrammatic clearness. The 
faults are in most cases normal ( I have seen a few 
exce{)tions) so that the series of these blocks which have 
(lroi)])ed down (comparatively) the most, are the highest in 
the raiijL^e. As in the case of the Sandias, these blocks are also 
faulted aUjng lines more or less nearly at right angles to the 
main series. 
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In this limestone series there are two zones that have prov- 
en rich in lead-silver ores. It was the block-faulting which 
made the ores accessible, and it is this same faulting which has 
caused endless trouble in following out the ore chutes. Again 
and again the ore is cut off by a fault and the miner must 
work up the fault plane until the ore zone is again located in 
the adjacent block, or else tunnel through barren rock until 
that zone is reached. Besides the faults producing these 
blocks there are innumerable smaller ones with but slight dis- 
placement. 

It would seem, then, that in the cases cited the total dis- 
placement was brought about, not by a single fault, but by a 
very large series of parallel faults, — a series not to be num- 
bered by tens or hundreds, but more probably by thousands, 
if we take into consideration the vast number whose displace- 
ment is so slight as to be apparent only to one tracing out with 
care some mineral vein. Xor do I believe that we can leave 
wholly out of account the progressively smaller movements 
which have for their ultimate expression molecular disi)lace- 
ment. Along some plane, however, the strain has been greater 
in proportion to the ability of the rocks to resist, and the dis- 
placement along such a plane has been correspondingly great- 
er. To this fact we owe the existence of the mountain form. 

From the standpoint of structure, this mountain form must 
be considered as purely accidental. It is easy to conceive that 
if we have a series of strata yielding to extreme pressure, the 
displacement might be sonicv;hat equally distributed along 
various parallel fault planes, giving us typical block-faulting 
in which the several blocks (a, b, c, etc.) would be compar- 
atively small, and no mountain form would be produced, 
(fig. 2.) Instances of this nature are frequently seen in the 
field. 

Now if we conceive the displacement along the several 
planes to have been only one-third as great as represented 
above, except in the case of some one fault plane as x, where 
we may consider all the additional displacement to have taken 
place, we have the conditions represented in fig. 3, where a 
true monoclinal mountain form is produced. 

This is exactly the condition we find in the cases of the 
Sandia and ]\Iagdalena mountains above referred to. 
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By a comparison of the dotted lines in figures 2 and 3 it 
will be seen that the total displacement (between a and i) is 
exactly the same. The nature of the displacement is the same. 
The only diflference is one of quantitative distribution. Of 
course any combinations of variations between these two ex- 
tremes may, and many do, occur. 

Van Hise has emphasized the fact that the same displace- 
ment may be brought about without any definite faults being 
produced, as a result of numerous minor slips along planes of 
fissility, so that the deformation is spread over a considerable 
area. If such deformation were confined to a comparatively 
narrow zone the mountain form might be produced, while if it 
were wide-spread enough, no such form would result. In the 
same way a given displacement may be brought about by step- 
faulting with or without the production of mountain form. 



SOME EVIDENCE OF TWO GLACIAL STAGES IN 
THE KLAMATH MOUNTAINS IN CALIFORNIA. 

By OftCAR H. Hbksiiby, Berkeley, California. 

Introduction. 

In the early part of last summer, the operations of (he 
Trinity Gold Placer Alining Syndicate, Limited, in its hy- 
drauhc mine at the junction of Union and Coffee creeks, in 
Trinity county, California, brought to light two tusks of one 
or more large animals, either mastodon or elephant. Such re- 
mains are rather widely distributed and frequently found in 
California, but the writer early recognized the more than us- 
ual importance of this find because of the altitude of the local- 
ity, the ruggedness of the country, and the fact that undoubted 
glacial deposits were known to occur on Union creek within 
one and one-half miles of the mine, so that careful study of 
the vicinity might furnish data for determining whether the 
animal or animals livcxl before, during or since the **Glacial 
IqxKli" of California Quaternary geology. 

The proi)erty is popularly known as the Nash mine, from 
a former owner. Through the courtesy of the superintendent, 
Mr. William Maitland, who takes a lively interest in the local 
gcol()^;y, I have been furnished with important infcrmation in 
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regard to the deposits in the mine and have been given an 
opportunity to examine the locality more carefully than form- 
erly. The result has been, to my surprise and gratification, 
the discovery that the Union Creek glacier once extended to 
and covered the site of the Nash mine and that the tusks were 
found embedded in an old soil formed at the surface of a gla- 
cial till. Incidentally, evidence was gathered of two stages 
in the glaciation of this region and to give others the oppor- 
tunity of judging of its value is the object of this paper. 

THE FOSSILS. 

The first tusk, when found, was intact, but was broken into 
a number of pieces in the process of removing it from the 
matrix. These were placed in nearly their relative positions 
and photographed. Xo means were taken to preserve the tusk 
and it has long since fallen to pieces and disappeared. Its 
length was about six feet. In cross-section at the thickest 
place, it was about nine inches from top to bottom and .about 
eight inches in width. The sides were flattened. It gradually 
tapered until near the smaller end which was more than ordin- 
arily blunt from wearing. It curved upward until near the 
smaller end which was bent to one side, presumably outward. 
It was hollow for about i8 inches from the larger end. In- 
ternally, it was concentrically laminated. The material was 
a soft, fine, whitish, greasy substance — partly decayed ivoiy. 

The photograph and a small fragment of the tusk were 
submitted to Mr. William Sinclair of the State University of 
California, the Pacific Coast expert on fossils of this class, 
who considers it fairly certain, from the curvature and the 
internal structure (not tlie lamination above mentioned) that 
the animal was an elephant, Iilcf>has priinigcnius. 

The second tusk was similar to the first except that it was 
slightly smaller. Means were found to preserve a portion of 
it. The three-foot section now remaining has a curvature of 
nearly 90''. Disregarding the ilifFerence in size, I am strongly 
inclined to consider both tusks as remains of the same animal. 
They were found in the same section of the mine and nu other 
tusks were found there or anywhere else in the mine. As- 
sociated with these tusks were bunches of a whilisli. rotten 
substance, ai)parently remains of the bones. To fncilitatc the 
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discussion, I will assume that a single elephant was wrecked 
on that spot. 

THE DEPOSITS AT AND IN. THE VICINITY OF THE NASH MINE. 

Coffee creek, along this section of its course, has a general 
direction from west to east. About seven miles from its head, 
it is joined on the south by an important tributary, Union 
creek. In the main valley, several hundred yards above the 
junction of the two creeks, a point projects from the north 
slope. On its down-stream side is situated the present hy- 
draulic mine. This point covers a remnant of an old channel. 
The channel gravels resting on the bed-rock at the foot of the 
bank and constituting the "pay streak" are a rather coarse, 
well water-worn creek deposit, five to fifteen feet thick.* It 
includes a considerable Humber of cobbles and small boulders 
of the Courtney granite. This rock is a peculiar coarse- 
grained, non-hornblendic granite which cannot be confused 
with any other and which is confined in place to Mt. Court- 
ney at the head of the present South Fork of Salmon river. 
In a paper on "Ancient Alpine Glaciers of the Sierra Costa 
Mountains in California/'t I showed how, largely through 
the operations of the Salmon River glacier, the upper four or 
five miles of the original Coffee creek was cut off and added 
to the Salmon river system. Before this beheading, Coffee 
creek rose at the foot of'^lt. Courtney and the Courtney gran- 
ite was distributed along the valley to and below the site of the 
Nash mine. At the time of the maximum extension of the 
Salmon River glacier as described in the above mentioned pa- 
per, it was carrying Courtney granite to the headwaters of the 
present Coffee creek but its overwashed gravels are fine and 
there is no reason for believing that the Courtney granite at 
the Xash mine was derived from that source. The size of this 
first channel and the abundance of Courtney granite in small 
boulders make it reasonably certain that the deposit was 
formed by Coffee creek before its shrinkage through behead- 
ing, and it may be considered essentially pre-Glacial so far as ' 
California glaciation is concerned. However, it is not nearly 
as old as the "high-level channels'' of the Sierra Nevada re- 

* Nearly all the fiRurcs in this paper are ij^ivea from memory and may not 
be quite accurate, but the discrepancy will not be sufficient to vitiate the 

arguments, 

^Journal of Geology, vol. viii, No. 1, pp. 42-57. 
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gion, as evidence is not wanting that its deposition immedi- 
ately preceded glaciation. 

Overlying the gravel is a heterogeneous agglomeration of 
small boulders, cobbles and pebbles embedded in a rather stiff 
clav. It is not distinctlv stratified and docs not show the sort- 
ing action of water; nor is its constitution of the local charac- 
ter of a landslide deposit. I was at first unwilling to recognize 
it as a glacial deposit, although Mr. Maitland had informed 
me that Mr. E. B. Preston of the State Mining Bureau had 
so declared it years ago. A search soon presented unmistake- 
able evidence of glacial action. Many of the included pebbles 
and small boulders are of serpentine, a rock peculiarly favor- 
able to the preservation of glacial scratches. Not a few of 
them are unmistakablv striated and flattened. These scratches 
were not produced in the operation of mining as I made sure 
by digging pebbles from the undisturlx^d bank and finding 
striae on their bank ward sides. These striae are seemingly not 
as fresh appearing as usual in the glacial deposits which I 
have formerly described from these mountains, but the der- 
ivation of this idea may have been somewhat influenced by 
other considerations. 

The constitution of the deposit shows tliat the glacier 
which formed it did not come down the Coflee creek valley, 
because in that case the till should be abundantly supplied with 
hornblende .schist, the predominating formation of the main 
valley, whereas the included rock fragments are chiefly of ser- 
pentine, the vastly predominating formation of the L'nion 
creek valley. At the junction of the two valleys there is a pro- 
jecting narrow i)oint of mica schist. The Union creek glacier 
over-rode this ridge and plunged down into the narrow val- 
ley of Coffee creek. The ice abraded the upper portion of the 
creek gravels and incorporated them into its own peculiar till. 
In this manner some of the Courtney granite boulders ])c- 
came included in the glacial dei)osit. Near the junction be- 
tween the creek gravel and the till, the former is much br()kcn 
up and at only a few places is there a sharp line between them. 
The till varies in thickness from five to fifty feet, and has 
been piled up into a slight moraine markini; the former extent 
of the glacier. In fact, it is the end of a discontinuous lateral 
moraine. Xear the base the till preserves its (u-ii;inal dull 
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bluish color derived from the large constituent of ground ser- 
pentine, but oxidation has penetrated to a depth of fifteen to 
twenty feet, the color near the surface being a light reddish 
brown and below this a yellowish brown without the red tint. 
Such a deep oxidation and reddened surface I have nut ob- 
served in the similar deposits of the Swift creek or other glaci- 
ated vallevs of these mountains. It is one of the chief factors in 
giving this deposit the appearance of considerably greater age 
than any glacial deposit which I have heretofore described 
from this county. 

About 1000 feet below the Xash mine buildings, the old 
valley of Coffee creek, several hundred feet wide, is obstructed 
by a slight moraine of seq)entine debris, with some gabbro 
and a few granite boulders of fine grain occurring in place 
at the head of the main Union creek valley. The moraine is 
probably 100 feet high and 300 feet wide. Its topography 
is not distinctly morainic and I had long considered it a land- 
slide, but a more thorough examination of its interior afford- 
ed by a deep cutting, revealed its glacial character. 

Above the obstruction the valley has the form of a basin 
about 1200 feet long and 300 to 600 feet wide, entered on the 
south by the narrow valley of Union creek. This basin was 
the floor of the glacier. On issuing from the narrow Union 
creek valley, the glacier spread out like a fan, turning up the 
main Coffee creek valley a short distance and forming the 
short moraine at the mine ; and flowing down the valley a lit- 
tle farther to form the short moraine at the obstruction men- 
tioned above. The Coffee creek valley both above and below 
those points presents no evidence of glacial action except 'near 
the head. 

Immediately upon the retreat of the glae-ier from its max- 
imum extension, the deeper portion of the basin was occupied 
by a glacial hikelct. such as are commonly found in all recently 
glaciated region?. This lakelet probably occupied between five 
and ten acres. A considerable remnant of its deposits has been 
inicovered and beautifully exposed by the mining operations. 
It is a ])cd of dark brown, finely laminated, non-pebbly hori- 
zontal silt, ten feet in thickness. It abounds in vegetable debris 
such as fir leaves and small pieces of driftwood. Precisely 
similar dc])osits are now forming in the glacial lakelets of the 
hii^JKT valleys. 
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A red soil was found at the surface of the till surrounding 
the lake, but close to the immediate border this soil received 
an intensely black stain and was probably marshy. The ele- 
phant remains were found in this soil just beyond the margin 
of the silt deposit and it is reasonable to suppose that the ani- 
mal came to its death by approaching the lake and miring 
down into the marshy soil on its margin. The animal remains 
did not arrive at their position in this glacial deposit by the 
action of the glacier as it is beyond dispute that the tusks 
would not have remained unbroken or unabraded. Further, 
as already shown, the association of the remains indicates that 
the animal actually lived and died on that spot. Being within 
the glacial basin, this must have occurred after the maximum 
extension of the glacier. After the destruction of the lake- 
let, the soil was no longer marshy and the conditions were not 
so favorable for the incorporation within it of the remains of 
a large animal. The question of the probable age of the ele- 
phant is, therefore, reduced rather narrowly to that of the 
lakelet. 

The Coffee creek passes the obstruction at the lower end 
of the basin in a gorge cut through a massive serpentine point 
on the north of the old valley. It has an estimated length of 
500 feet, a depth of 100 feet, a width at the bottom that of the 
creek, 20 to 30 feet and at the top 200 feet. Sheared serpen- 
tine is a formation easily eroded, but massive serpentine resists 
erosion well. In this respect it is comparable with granite and 
other very hard rocks of this region. The gorge is cut through 
a particularly resistant portion of the serpentine mass and its 
steep walls are encumbered by large angular blocks of this 
rock. The gorge cutting has required a considerable time 
and this is the measure of the time since the maximum exten- 
sion of the Union creek glacier. This gorge constitutes the 
most important part of the evidence that glaciation in this 
region has been much more complex than I have heretofore 
supposed it. Unfortunately, 1 have no standards with wliicli 
to compare this gorge to arrive at its absohite age and all I 
can do is to show the probal)ility that it is nuich older than 
rock gorges occurring nearer the heads of the j^daciated valley-. 

The silt deposit at the Xash mine is so situated with refer- 
ence to this gorge as that the lake was cnmpletely drained lonu" 
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before the gorge was cut down to nearly one-half of its pres- 
ent depth. The stream flowing from the lakelet was a large 
one, carrying the combined waters of Coffee and Union creeks, 
but as it was nearly free from sediment, its erosive power was 
not great. Hence, it probably occupied a longer time in mak- 
ing the cut which drained the lake, than in doing an equal 
amount of work since, but it has done so much more work 
since that it is quite safe to place the destruction of the lake- 
let farther back than one-half of the time since the maximum 
extension of the Union creek glacier. 

That the lakelet disappeared long ago is also evidenced by 
the changes that have since occurred in the basin. Over the 
silt there is a deposit of coarse gravel and boulders made by 
Coffee creek after the destruction of the lake. The creek has 
excavated a new trench through this gravel and the underly- 
ing silt, leaving remnants of them on its northern side. This 
latest trench is several times as wide as the stream and is 
floored by a sort of modern alluvial plain. Compare this com- 
plex history with that of the glacial lake basins near the heads 
of the glaciated valleys. The latter are so fresh that in no 
case observed has a large one been drained by the cutting of a 
gorge through the rock barrier below. Some of these lakelets 
are held by barriers of till. In my former paper on the ancient 
glaciers of this region I have given a number of facts proving 
the comparative recency of most of the glacial action in these 
mountains and I will not repeat them. 

The stream which drained the lakelet under discussion 
was a much larger one than those flowing from the existing 
lakelets, and may be expected to have eroded the outlet more 
rapidly, but making due allowance for this factor, I still think 
that the lake basin should not yet be completely drained if this 
lake did not originate long anterior to those now existing in 
the higher valleys. 

A comparison of the changes which have occurred in this 
lake basin since the destruction of the lakelet, and of the 
amount of gorge-cutting since that event, with the changes 
.whicli have occurred near the head of the glaciated valleys 
since the disappearance of the Pleistocene glaciers, leads to 
the conclusions that the final draining of the lakelet preceded 
tlio end of the glaciation. Tf the premise that the elephant 
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whose remains have been found, mired down into the marshy 
soil on the border of the lakelet be a sound one, it w-as prob- 
ably contemporaneous with the Quatemar}' glaciation of the 
Union creek valley, provided there was not an interglacial stage 
of which we as yet know nothing. In fact, I am strongly im- 
pressed that the elephant lived very shortly after the maximum 
extension of the glacier and that if the deposits at the Nash 
mine represent^ an earlier stage or epoch of glaciation than 
those near the head of the Union creek valley, the animal was 
contemporaneous with the first stage. That is my conviction 
but for the sake of conservatism I do not like to be too positive 
in expressing it. 

The track of the glacier was followed up the Union creek 
valley. Along the Union creek ditch of the mining plant, near 
the penstock 333 feet above bed-rock in the mine on Coffee 
creek and overlooking the Nash mine, there was found a mix- 
ture of rounded serpentine boulders and schist debris embed- 
ded in unstratificd sandy clav. There was one finely striated 
boulder. This deposit rests on mica schist, and the serpentine 
must have been lifted or else brought down the valley a con- 
siderable distance. There are several similar deposits along 
the ditch within the next half mile. Thev seem to be remnant*? 
of a lateral moraine leading directly to the Nash mine. 

The trail from the Dorleska mine comes down over glacial 
deposits until within about one and one-half miles of the 
mouth of the Union creek valley, at which point there is an 
appearance of cessation of the glacial action. For the next 
mile the trail, still high above the creek, traverses a mass of 
broken rock whose position (partly obstructing the valley) 
and topography mark it as a gigantic landslide. Following 
the ditch below the landslide, one finds instead a mixture of 
rounded and smoothed serpentine boulders and schist debris, 
with an occasional striated boulder or cobble. Apparently, the 
landslide has occurred since the glaciation, and its material 
overlies the glacial deposit. Since the landslide the creek has 
excavated a canon at least several hundred feet deep and 
whose floor is usually only a little wider than the creek 40 
to so feet. 

At about one and one-half miles from the mouth of the 
creek, the caiion opens out into a wider valley, characterized 
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by boulder-strewn flats elevated from 10 to 50 feet above the 
creek, which latter continues to occupy a narrow but now 
shallow canon. Here begin the well marked evidences of 
glaciation which I had formerly considered as indicating the 
limit of the glacier. The scanty glacial deposits observed be- 
low this point contain very few granite boulders. From here 
to several miles up the valley the glacial deposit is character- 
ized by abundant granite boulders, and there is otherwise a 
greater variety of rock species, and in other respects, also, the 
deposit is one more nearly typical of glacial action. From this 
point up granite erratic boulders occur on the slopes of the 
mountains. The glacial nature of this deposit is so glaringly 
evident that I recognized it immediately upon coming into 
the region, but the evidences of glaciation farther down the 
valley are so obscure that I have crossed some of the principal 
deposits frequently for several years without recognizing 
their character. 

The newer glacial deposit is essentially continuous, aiid 
presents glacial topography, very slightly modified, and then 
only along the stream courses, by erosion. The area of the 
older deposit shows erosion topography and a very patchy 
glacial deposit. Its discontinuous character may have been 
original, but we know that erosion has been active and long 
continued in its area and the changes have been great. 

I am not prepared to assert that there was an intermission 
of glaciation — an "intcrglacial stage" — between the maximum 
extension of the glacier and its final^ disappearance. There 
is no clear evidence of it. But some significance must attach 
to the rather remarkable contrast in the matter of granite 
boulders above and below the point one and one-half miles 
from the mouth of Union creek. The source of these boulders 
is a granite mounlain at the head of the valley. Perhaps at the 
time of the maximum extension of the glacier, the granite 
mountain was pretty completely buried under snow and sub- 
sequently when the glacier was less extensive, granite frag- 
ments could more readilv shower down on to its surface and 

m 

be carried to the end. But the sudden cessation of granite 
boulders in abundance may mean more ; it may tell of a radical 
change in the conditions of glaciation, perhaps even an in- 
termission. 
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From the size of the gorge below the Nash mine, it appears 
that the glacial deposit at the Nash mine to too old to be con- 
sidered of Wisconsin age (the **Glacial Epoch'' of California 
classification). It is certainly not as old as the Kansan epoch, 
but I am not equally positive that it is not as old as the Illinoian 
epoch. The same phenomena that I have described, if situated 
in the Mississippi basin, would indicate the Illinoian epoch. 
However, making allowance for, we will suppose, severer con- 
ditions in this mountain icgion, I will select the lowan epoch as 
the most probable age of ihcse deposits. At the same time I 
will not assert positively that their deposition was not as recent 
even as the Earlv Wisconsin. In such a mountain vallev as 
this, we are dealing with different conditions than in the 
Mississippi basin, and the standards to which I have been 
accustomed have to be used with great caution. The inception 
of the idea that we have here glacial deposits older than the 
Wisconsin has been so recent to me and so opposes a favorite 
theory of mine, that I do not yet feel free to subscribe to it 
without reservations. 

Mr. H. W. Turner* encountered apparent glacial deposits 
in the Sierra Nevada region far below those usually correlated 
with the Wisconsin drift sheet of the eastern states. T'ley 
occupy positions which seem to suggest considerable erosion 
between their accumulation and that of . the glacial deposits 
near the summit of the range. I have understood Mr. Turner 
to refer them to the time of the earlier series of Wisconsin 
moraines in the eastern states, but it is possible that they date 
from an even earlier epoch. Reviewing Mr. Turner's re- 
marks on them, I should sav that thev are at least lowan and 
possibly Illinoian in age. The dual history of the great extinct 
Quaternary lakes of the Great Basin region leads us to expect 
evidence of two cold moist periods in the neighboring moun- 
tains, and as the second maximum stage of the lakes was con- 
temporaneous with the glaciation whose effects are so glaring- 
ly apparent, the earlier maximum stage may be tentatively 
correlated with the older glacial deposits ()l)scrvc(l by Turner 
and with the apparent older glacial ])lKMioinona discussed in 
this paper. 

• "The IMcistoccnc Ocolopy of the South Central Sitrrri Ntvadn with espec- 
ial reference to the Orijfin t)f Vosemite Vallc^-," J'roc. Cal. Acud. Sci., Third 
Scries, vol. i, No. 9. 
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Messrs. Delos and Ralph Arnold, as the result of their 
study of the marine Pleistocene deposits of southern Califor- 
nia,* have shown that their Upper San Pedro series contains 
a semi-tropical fauna, whose relations to preceding and suc- 
ceeding faunas is of such a nature as to mark that epoch as 
one of abnormal wildness. On the basis of that series and its 
correlatives inland and farther north along the coast, I have 
proposedt to establish a San Pedran epoch in California Qua- 
ternary geology. This epoch I considered probably of about 
the same taxonomic value as the lowan epoch of eastern states 
geology. But now that I am willing to accept the idea of 
more than one glacial stage in the California mountains I think 
it probable that each glacial epoch in the eastern states was 
accompanied by increased severity in the California climate. 
It is, therefore, unlikely that a semi-tropical fauna occupied 
the San Pedro sea while conditions favoring glaciation ob- 
tained inland, and probably the San Pedran epoch is the equiv- 
alent, in part at least, of one of the inter-glacial epochs of the 
eastern states. After reviewing the subject of erosion of the 
San Pedran deposits in southern California, about the bay of 
San Francisco and in the great valley, I am constrained to 
place them in the inter-glacial epoch immediately succeeding 
the lowan epoch, preferably in its earlier part. The glacial 
deposit at the Nash mine would then probably fall somewhere 
within what I have defined as the Los Angelan epoch. 

The present altitude of the Nash mine is 4250 feet above 
sea level. In the life of the elephant whose remains have been 
found there, the altitude may have been more or less, but the 
ruggedness of the countr}' was equally as great as at the pres- 
ent time. The mountains surrounding the basin are very steep 
and rocky, and rise 2000 to nearly 3500 feet above the Nash 
mine. To have; ascended the Coffee creek must have been 
nearly impossible for a large animal as the stream for miles 
below the mine flows in a narrow, extremely rocky canon, fall- 
ing at the rate of 200 to 300 feet per mile. In general char- 
acter, this region is similar to the ''High Sierras" and it is 
somewhat surprising that an elephant penetrated into it. 

• "The Marine Pliocene and Pleistocene Strati^aphy of the Coast of 
Southern California." Journal of Geology, vol. x, No. 2, Feb.-Mar., 1002. 

t "The Quaternary of Southern California." Bull. Dept. Geol., Univ. Calif., 
Tol. 3. No. 1, p. 27. 
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DEPOSITS NEAR THE HEAD OF COFFEE CREEK. 

In my paper on the ancient glaciers of this mountain re- 
gion, I have described the large Salmon river glacier as ter- 
minating at a slight morainic ridge which crosses the valley 
about one and one-half miles from the present head of Coflfee 
creek. Recently I have become aware of the existence below 
this point of apparent glacial deposits. The creek passes the 
morainic ridge in an insignificant trench no w^der at the bot- 
tom than the stream. Then the valley floor suddenly widens 
to a plain loo to several hundred feet wide, about which the 
stream winds in a shallow ditch. This plain has no boulders 
on its surface. It is composed of the over-wash gravels from 
the glacier at the time it reached the moraine. It is bounded on 
either hand by a sort of discontinuous and irregular terrace 
consisting of boulders, cobbles and other rock debris char- 
acteristic of glacial deposits. Serpentine boulders from the 
east side of the valley higher up, are rather numerous, but 
Courtney granite is not as conspicuous as in the glacial area 
above the moraine. The deposit is too coarse to be due to 
stream action in such a wide and here low grade valley. Many 
of the boulders arc quite ang^ilar. 

The deposits rise from twenty to seventy-five feet above 
the valley floor. They extend to at least a mile and a half 
below the moraine. At that distance, a Courtney granite er- 
ratic weighing many tons lies on the valley slope. The ter- 
race-like form of these deposits seems to be due to their rem- 
nants of a sheet that once floored the vallcv. but has been cut 
away in the central portion by the erosion of a broad trench 
which was floored by the over-wash deposits of a subsequent 
glacial stage. Like the supposed older glacial deposits near 
the Xash mine, they do not rise high on ihc slopes of the val- 
ley, which may be significant as the supposed later glaciers 
appear to have terminated mucli more abruptly. The generally 
aged appearance of these deposits and the erosion to which 
they have been subjected warrant our reference of them to the 
same period of time as the glacial deposits at the Xash mine. 

DEPOSITS AM) r.OUC^KS IX THE VALLEY OF TIIK SOI Til FORK Ol' 

SALMON' KI\I:K. 

About ei^ht miles from tlie head of the South Fork y'^i 
Salmon river, in Siskiycm county, there i> the 'rhoin])son I'ar 
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hydraulic mine, owned by the Salmon River Consolidated 
Gold Mining Company, of which Mr. William Cooper is 
superintendent, and hence the property is popularly known as 
"Cooper's mine." There is a distinct old channel separated 
from the present river channel by a "rim" of high bed-rock 
and occupied by well water worn river gravel, abounding in 
huge boulders of Courtney granite. This old channel and its 
contents differ not in any important particular from the pres- 
ent river bed. The river deposit passes upward into a some- 
what different material in which local debris from the neigh- 
boring Crosby gulch plays an important part, and finally the 
latter excludes the granite boulders that are a distinguishing 
feature of the ordinary river deposits. 

This upper formation is composed of hornblende schist and 
debris form the various dikes occurring in the basin of Crosby 
creek. The material is coarse and largely angular. Blocks 
three feet in diameter occur. There was a little wearing by 
stream action and no complete sorting of the material, yet the 
various pits of Cooper's mine show that it is everywhere dis- 
tinctly and nearly horizontally stratified, probably by the ac- 
tion of the river. The thickness of the deposit is apparently 
from 150 to 250 feet. 

It is an alluvial fan formed at the mouth of the Crosby 
gulch where the stream issued into the broader valley of the 
main river. It is traceable for one-half mile or more up the 
gulch and it is here evident that when completed its central 
line was somewhat higher than the sides, forcing the creek to 
one side and compelling it to cut a rock gorge on the border 
of the deposit. This, together with the angularity of the ma- 
terial and the large blocks included, demonstrate that it was 
not formed under ordinarv stream conditions, but bv torrential 
action, the rock debris loosely scattered about in the basin 
having suddenly been swept down and out of the gulch. This 
could not have come about through the sudden breaking of a 
lake barrier as Crosby gulch is extremely precipitous, rising 
on the southern face of a mountain reaching about 8000 feet 
above sea level, and within two miles descending to less than 
dfOiOO feet of altitude. Because of directly facing the sun, this 
side of the mountain has nowhere been glaciated. The only 
source of such a large body of water as is required to explain 
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the deposit at the mouth of the gulch must have been a cloud- 
burst. 

Even at the present time, this particular mountain has a 
peculiar power to produce excessive precipitation. In August, 
1901, there was a small cloud-burst on the western side of the 
peak, draining into Big Bend creek, which stream rose to a 
hight of ten or twelve feet, although its ordinary winter max- 
imum is only two or three feet. All the tangle of the fallen 
trees in the bottom of the gulch was swept out and boulders 
three feet in diameter were easilv moved. 

The formation of the alluvial fan at the mouth of Crosby 
gulch rearranged the drainage. Crosby creek excavated a new 
caiion into very resistant hornblende schist. This is from 
50 to 150 feet deep and very narrow. The river was lifted 
over 200 feet above its previous bed and forced to flow against 
the southern side of the valley. Then it cut a new canon from 
200 to 300 feet deep, encountering bed-rock and trenching 
into it from 50 to 100 feet. 

For over one mile above Cooper's mine, the river flows in 
a narrow canon. The precipitous rock wall on the south side 
terminates on a line about even with Cooper's flume on the 
north side of the valley, and above this line there is a gentler 
slope. Remnants of the old river deposit corresponding to the 
gravel in Cooper's mine are buried under the gentle slope and 
it is evident that the river has been displaced here also. In 
fact, a series of rather suddcnlv formed alluvial fans can be 
traced along the valley for several miles up the river and they 
have displaced the stream repeatedly. Each temporarily ob- 
structed the valley and ponded the water behind the barrier. 
In these ponds the river deposited fine gravel without the 
coarse boulders. of the older and the present bed. 

Above the gorge the valley enlarges to a basin over a mile 
in length and several hundred yards in width. Some obstruc- 
tion caused the accumulation in the bottom of the basin of 
several hundred feet in thickness of horizontally stratified 
fine gravel, alternating with layers of clayey silt of reddish 
color. The silt layers have some distinguishiiijL^ character- 
istics. Silt layers of identical character occur in Coo|)er's mine 
in the lower part of the local alluvium, not very far abovt* the 
old river channel. Tliev seem to have been due to a condition 
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obtaining for miles along the valley and I consider them of 
the same age. 

The fine gravel and silt in the basin have been mostly re- 
moved by erosion, but near the Couzetti hydraulic mine, there 
is a nearly perpendicular bank of them over 150 feet high. 
Resting on the fine, stratified, boulderless gravel there is a 
glacial moraine. This displays, where cut by the bank, a het- 
erogeneous mixture of rock debris including granite boulders 
embedded in a sandy clay. It is piled up into a low ridge, the 
surface of which is encumbered with great granite erratics. 
A glacier came down a very steep gulch on the northern face 
of Mt. Courtney and upon entering the basin spread out and 
bent eastward or up the valley. The track of the glacier is 
very clear and there is no doubt but that the fine gravel deposit 
was laid down before the maximum extension of the ice. It 
follows that, if my correlation is correct, the alluvial fan at the 
mouth of Crosby gulch was formed at a time preceding the 
maximum extension of the neighboring glaciers. The diffi- 
culty of proving that no long time intervened between the 
completion of the fine gravel deposit in the basin and the gla- 
ciation of the basin is the weak point in the argument which I 
am trying to build up. However, there appears to have been 
no dissection of the fine gravel deposit before its glaciation. 
To bring about this dissection it was not necessary to cut 
through a rock barrier as the rock gorge down stream is en- 
tirely below the level of this fine gravel. All that was needed 
to bring about rapid dissection was the cutting through of the 
barrier of loose material at the lower end of the basin which 
must have been quickly effected. Not much rock cutting could 
have been accomplished in the gorge by the time the dissec- 
tion of the fine gravel deposit was well advanced. Therefore, 
I believe that nearly the whole of the gorge cutting has post- 
dated the maximum extension of the glaciers. The cloud- 
burst to which is due the alluvial fan of Crosby creek seems to 
have occurred during the early stages of the glaciation. The 
increased moisture which caused the growth of the glaciers 
favored excessive precipitation in neighboring regions. The 
system of alluvial fans and associated fine gravels and silts 
was so clearly the product of a set of climatic conditions dif- 
ferent from tliose which obtained for a long time and which 
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have obtained* since, and the field evidence so clearly connects 
this short alluvial fan-forming period with the early stages of 
the glaciation that I feel that it is reasonable to assume one 
general cause for both in which a higher average humidity may 
have played an important part. We usually associate the idea 
of cloud-burst with that of desert conditions, but in the pres- 
ence of evidence that in the early stages of glaciation in the 
Salmon river valley, there was suddenly formed by abnormal 
precipitation a series of alluvial fans which deranged the 
drainage, I will disregard all precedents. 

The gorge above Cooper's mine is, if my interpretation is 
correct, the measure of the time since the early stages of the 
glaciers. It is about one mile in length. The depth near the 
lower end is about 300 feet of which probably 150 feet is the 
amount of rock cutting since the rearrangement of the drain- 
age. Along the central portion of the gorge it is a '*box 
caiion" (having nearly perpendicular walls) and trenched 
about 150 feet into the rock. Near the head it is in places but 
twenty to thirty feet wide and fifty to seventy-five feet deep. 
Here the river descends by a series of cascades, seventy-five 
feet in less than 300 feet of distance. The total descent of the 
river within the gorge is about 350 feet. The bottom of the 
canon is nowhere much wider than the river. The southern 
side of an unclimbable rock wall almost from end to end. Over 
this there cascade in rainy weather streams from the moun- 
tain slope above. 

Salmon river in passing the gorge contains the drainage 
of about twelve square miles. Late in summer it dwindles 
to several hundred miners* inches, but during the greater part 
of the year averages 10,000 inches. In several short Hood per- 
iods each year it is a mighty torrent carrying probably many 
score thousands of miners' inches of water. 

It is natural to suppose that a river of this character would 
erode its bed rapidly but in refutation of that idea I have the 
following evidence: The rock excavated is hornblende schist, 
one of the most resistant of formations. In this respect it will 
probably compare w^ith any rock that I have seen post-glacially 
canoned in the Mis^ssippi basin — for instance, below Niagara 
and St. .\nthony falls — as ten to one. Tlie river is nearly all 
the year "as clear as crystal'* and there is no fine sediment to 
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be continually grinding on the rock. The river bed is encum- 
bered with huge granite boulders, some weighing hundreds 
of tons, and they are wedged into the narrow bottom of the 
gorge. Between and under the boulders are gravel and sand 
that protect the bed-rock from erosion. The wearing out of 
the boulders is an extremely slow process and their movement 
down stream is practically imperceptible. The river is in- 
capable of moving them by impact, and progression is only 
effected by undermining and occasional rolling over. This oc- 
curs for an individual boulder at very rare intervals. I have 
watched the caiion for several years and have noticed no 
change in the groups of boulders; old settlers have noticed 
very little change in half a century. The placer min- 
ers have been accustomed to prop dams against groups 
of boulders and some of these dams have stood for 
many years. Portions of the river bed that were mined 
in 1852 are still identified by their original peculiarities. 
It is a mistake to 'lightly assert that because this is a mountain 
region and Salmon river falls 350 feet in a mile, erosion is 
here rapid. It is not. At the upper falls, about two miles far- 
ther up the river, nearly as large a stream has been dashing 
down over hornblende schist, descending probably 300 feet 
in an eighth of a mile, ever since the Salmon river glacier 
in its later stagfo.s beheaded the old Coffee creek, and yet it has 
accomplished an excavation that is very much less than that 
of the gorge under discussion. It is indisputable that the 
latter is much older than post-glacial time. Incorporating 
the factor of a larger flow of water during the later stages of 
the glaciation than at the present, we arc still constrained to 
admit that the beginning of the gorge cutting was long anter- 
ior to the close of glaciation. To use the figures 2 or 3 in con- 
nection with this matter is too conservative. 

This gorge is apparently large enough to have had its in- 
ception as far back as the Illinoian (Red Bluff?) epoch. But 
that is too radical a conclusion to entertain without question 
at this early stage of the study and instead I will tentatively 
connect its beginning with the lowan epoch. At the same time 
I will not be positive that some factor which has entirely es- 
caped my notice may not cause a final reference of the incep- 
tion of the gorge cutting to the Earlv Wisconsin stage. 
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This gorge on Salmon river is directly comparable with the 
gorge below the Nash mine. It demonstrates that the max- 
imum extension of the Union creek glacier occurred as far 
back as the maximum of glaciation on the Salmon river side. 
Being mutually corroborative they make out a pretty strong 
case that there are glacial deposits in this region much older 
than those which I have formerlv described. 

My observation of glaciation in the Sierra Nevada region 
was confined to the vicinity of the Yosemite valley. At the top 
of the Nevada falls I was impressed by the insignificant eros- 
ion accomplished by the Merced river since the striation of the 
granite. This point was, I believe, about twelve miles from 
the head of the Merced glacier and the striae do not by any 
means represent the dying stages of the glacier. All the post- 
glacial rock cutting that I observed about the Yosemite val- 
ley is directly comparable with that accomplished at the upper 
falls of the South Fork of Salmon river. The glacial phenom- 
ena of the Sierra Nevada region, with the exception of those 
apparently older deposits described by Turner, date from the 
same glacial stage as the deposits on Union creek above the 
point which is one and one-half miles from its mouth, and 
above the moraine which crosses the vallev of Coffee creek 
one and one-half miles from its head. 

Is it not probable that the older glacial deix)sits and the 
associated rock gorges described in this paper represent a dis- 
tinct stage of glaciation of a pre-Wisconsin age? 

Berkeley, Calif,, Jan. lo, igoj. 



A NEWLY-FOUND METEORITE FROM MOUNT 
VERNON, CHRISTIAN COUNTY, KENTUCKY. 

By Gborgb p. Mbbrill, Wa»hin)?toii, D. C. 

The National Museum has recently come into possession 
of a heretofore undescribed meteorite from the farm of Capt. 
S. T. Fruit, in Mount Vernon township, about seven miles 
northeast of Hopkinsville in Christian county, Kentucky. 11ie 
meteorite, which is a pallasite, has lx*cn known for some tbirfv- 
five years by the occupant of the premises, where it served a^ 
a convenient stone on which to clean his boots after crossiiii; 
the muddy fields. Although recognized as of a peculiar tyi)e 
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of stone, no suspicion of its meteoric nature was entertained, 
and it was only when the zinc and lead mining excitement of 
1902 caused a sample of it to be sent to Mr. E. O. Ulrich of 
the U. S. Geological Survey, with a request for information, 
that its true nature became known. It is through the influence 
of Mr. Ulrich that the specimen wias obtained for* the National 
Museum. 

Prolonged exposure has, naturally, brought about a great 
amount of oxidation to the exterior portion of the material. 
More than that, the rough usage to which the exposed portion 
was subjected and the breaking away of small masses by the 
curious and the prospector, has so obscured the original form 
that little of value on this subject can be said. The mass, as 
it came to the Museum, is in the form of a rude prism some 55 
centimeters in hight, with sides measuring 33 centimeters and 
36 centimeters, respectively. Although badly oxidized, two of 
the sides show rough pittings. 

As stated above, the stone is a pallasite. It differs, however, 
from the usual pallasites in that, while those may properly be 
described as spongy masses of iron containing silicate miner- 
als, this is really a mass of silicate with a cementing of iron, 
the proportion of iron, so far as can be determined from exam- 
ination of the exterior of the mass, or of the small pieces which 
have been broken away, being much less than in the case of 
the pallasite of Kiowa county, Kansas. From the Admire 
pallasite, described by the present writer in the Proceedings 
of the U. S. National Museum for 1902, it differs in that the 
silicate (in this case olivine) occurs in large rounded blebs 
rather than in sharply angular fragments. In this respect also 
it differs from the Eagle Station, Kentucky, pallasite. 

The mineral composition of this meteorite, so far as deter- 
mined, has already been suggested. The main mass of the ma- 
terial is of olivine in rounded blebs and in sizes varying from 
five to twenty-five millimeters in diameter. 'These are quite 
closely compacted, with the usual nickel-iron alloy in the inter- 
stices, and serving as a binding constituent, and in smaller 
])roportions the customary phosphide and sulphide. 

Although the meteorite has not yet been fully investigated, 
it is of interest in bearing out certain observations by the 
writer in the case of the Admire, Kansas, meteorite, viz: the 
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olivines arc often shattered, with thin plates — mere films or 
veinlets — of the phosphide extending up through them, as de- 
scribed in the paper already quoted. 

A slab will be sawn from the entire length of one side of 
the mass for the purpose of showing its internal structure and 
securing material for study, the main mass being kept intact, 
after the usual custom of the Museum. It is expected that 
later more complete analyses will be made and a more detailed 
description given. 

The weight of the mass as received was 351 pounds (159.21 
kilograms). It will be known as the Mount Vernon mete- 
orite. 

THE MARL-LOESS OF THE LOWER WABASH 

VALLEY.* 

By M. L. Fuller. Washington. D. C, and F. G. Clapp, Boston. Mass. 

A Study of the marl of the lower portion of the valley of 
the Wabash river in southern Indiana and Illinois shows it to 
be the equivalent of the loess, replacing the latter over consid- 
erable areas. This marl-loess is usually a little coarser than 
the common loess and carries about 30^ of CaCO^, as com- 
pared with less than 5!^' in the common type. Numerous ex- 
posures have been discovered in which the materials are dis- 
tinctly or even conspicuously stratified, and in some instances 
thin interbedded layers of fine gravel were noted. It is fre- 
quently abundantly fossiliferous, the forms being stated as a 
mixture of aquatic and land species. The stratified marl-loess 
appears to reach an altitude of about 500 feet or some 120 
feet above the flood plain of the river. Instead of forming a 
mantle conforming to the surface inequalities, as is the case 
with the common loess, the marl-loess frequently occurs as ex- 
tensive flats on broad gently sloping terraces at elevations 
ranging from 40 to 120 feet above the river, l^cneath these 
there is usually buried a somewhat rugged topograi)]iy In 
distribution, the marl-loess is confined mainly to the east side 
of the valley, an occurrence which is most favorable to tiie hy- 
pothesis of wind origin, but the balance of evidence ai)pcars 
to be in favor of the view, with certain limitations, of aqueous 
origin. 

*JklMtract orapaperrcad at the late mcctint;, O.S. A..at Wa^hin^j^ton. i>. C. 
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AMES KOB, NORTH HAVEN, MAINE; A SEASIDE 

NOTE.* 

By Bailby Willis, Vvashington, D. C. 

Ames Knob is a mass of volcanic rock rising 106 feet 
abc^re the sea, on the neck of land between the Fox Island 
thoroughfare and South Harbor, North Haven island, in Pen- 
obscot bay. Its petrographic character and geologic relations 
have been described by G. O. Smith, in his essay on the geol- 
ogy of the Fox islands, Maine. It is bounded on the north by 
a low plain cut on shales and limestones, of Niagara age, and 
its northern slope is a cliff resulting from the relatively great 
hardness of the igneous rock. The other slopes of the knob 
arc of practically uniform rock, and variations in profile are 
attributable to conditions of attack, rather than of resistance. 
At an altitude of approximately 80 feet above the sea, on the 
southeastern and southern sides facing the Atlantic ocean, is 
a well-marked bench from which a steep facet rises to the 
summit of the knob. This bench, which has an average width 
of about 200 yards, is attributed to the action of waves cutting 
at rock level. The rocks in place exposed upon this bench and 
about its margin exhibit rounded glaciated profiles, but no 
longer bear striae, .so far as observed. Hence it is inferred that 
the date of submergence to this level preceded or was nearly 
coincident with the latest episode of glaciation, and that later 
influences have removed the minor evidences of ice action. 
Upon this glaciated bench there are now deposits of glacial 
gravel having the characteristic forms of spits and bars, which 
are accordingly attributed to wave and shore currents. These 
deposits indicate the presence of the sea at this level after the 
retreat of the ice. 

THe simplest explanation of the facts is that Ames Knob 
was submerged beneath the sea to a depth of 80 feet above the 
present sea level during and immediately after th^e latest glac- 
ial episode. 

•Abstract of a jiapcr read at the late meeting, G. S. A., at Washington, D. C. 
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ON THE MANLIUS FORMATION OF NEW YORK.* 



By Charles Schuchbrt, U. S. National Maseam. 

Introduction. In working out the very complete sequence 
of the Ontarict and Lower Devon ic rocks of Maryland recently 
published, $ it became necessary to make detailed correlations 
with the New York series, the standard of comparison for the 
Paleozdic formations of the interior region of America. In 
this correlation the question arose as to the actual age of the 
formations of the Hclderberg mountains immediately above 
the Hudson River formation, and particularly as to the proper 
jx)sition of the **Coralline limestone" of the Schoharie section. 
The fauna of the "Coralline limestone'* holds a definite zone 
in the Appalachian region and its true position is 45rovcn in 
Maryland, where it holds a horizon far above the Xiagaran 
with which Hall had correlated it. The first object of this 
article then, is to prove the actual position of the '^Coralline 
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tTliis and other terms are defined by Clarke and Schucliert, Science, 
n. s.. X. 1899, PP- 874-878; and Am. Geolcxjist, Vol. 25, pp. 114-119. 
To facilitate easy reference to the formations in the New York series, 
the following condensed table is presented with some emendations 
from the work cited : 
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limestone" in the New York series. To do this, it will be nec- 
essary to give a number of sections on the east and west sides 
of the Helderberg mountains. 

THE ORIGINAL CORALLINE LIMESTONE. 

The Coralline limestone is described bv Hall as follows:* 

*Tn the ncighlx)rhood of Schoharie, and extending along 
the base of the Helderberg mountains and along the Hudson 
river, there is a -thin mass of limestone, characterized by an 
immense number of corals, chiefly favosiles, and which forms a 
band so distinct from anv other limestone that it has been for 
many years known by this name. Besides the corals, it con- 
tains other fossils peculiar to it, and which in some localities 
are sufficiently characteristic in the absence of corals. 

*Tn its western extension, this limestone can be traced as 
far as Herkimer county; but being only a few feet thick, its 
continuitv further westward has not been ascertained in a sat- 
isfactorv manner." 

The position of the Coralline limestone is clearly indicated 
in the Schoharie section as worked out by Stevenson and stated 
bevond. This section in itself, however, does not Icnrate the 
true position of the Coralline limestone in the generalized Xew 
"S'ork series. 

i'he first allemi)t at C(.)rrclating the "Coralline limestone" 
ai)pears to have been by Hall in 1843.! He states "The Catcn- 
ipora \—Halysitcs\ is in a mass, which at Schoharie is known 
as the 'Coralline limestone,' and which is separated from the 
water-lime \oi the Manlius] by twenty-five feet or nmre o* a 
soft ash-colored rock destitute of fossils. This coralline lime- 
stone contains no fossil's in common with the true waterlime 
above [— Rondout beds. This is an error as will be shown 
later I . It rests ui)on a green sliale with iron pyrites, wliich, 
from the absence of the Medina sandstone and conglomerate, 
is succeeded below l)y the Hudson River gn»up. 

"The ])oint to be decided is, whether the green shale, con- 
taining iron pyrites, is the re])resentative of the C'linton, or of 
the ( )nondaga salt grouj). If the former, then the 'Coralline 
limestone' holds the ])lace of the Niagara limestone, and must 
he considered its ecjuivalent ; but if the latter, then it is a part 

♦ \at. Ili<t. -V. r. Pal., u, ^H^*'2, i>. 321. 

f Trans. Assoc. Anicr. r.col. Xnt., lH-i-3. p. 292. 
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of the water-lime group. But in all instances which I have 
known, where the Catenipora occurs in the socalled water-lime 
group, there has been an extreme thinning out of the inferior 
groups, so that this one and the Hudson River group are 
brought within a short distance of each other." 

The above quotation shows that the presence of Halysites 
had much to do in leading Hall to conclude that the "Coralline 
limestcxie" holds the horizon of the Niagara. In 1843, how- 
ever, he does not make this correlation, but states that its true 
position in the time scale is dependent upon the age of "the 
green shale containing iron pyrites." 

In 1852 Hall* makes a definite correlation with the Niagara 
limestone as follows: 

"I believe it can be conclusively shown that this coralline 
limestone is no other than the Niagara limestone, and indeed 
representing the entire Niagara group. In the first place, it 
holds the same position, being above the Clinton group [the 
inference here being that Hall correlates the green pyritiferous 
shale of the Schoharie section with the Clinton; these shales, 
however, have yielded no fossils, and their age must be deter- 
mined from other sections] and below the Onondaga-salt 
group." The latter is again assumption, since the "Waterlime" 
of the Schoharie section is supposed to be the thinned eastern 
edge of the Salina. This "Watcrlimc," however, lies above 
the Coralline limestone, contains its fauna, but not a single 
species of Eitryptcrus of the Watcrlime farther west resting 
upon the Salina. Further, this "Waterlime" underlies the 
Tentaculite limestone or Manlius and should not be confused 
with the true Waterlime which underlies the Coralline lime- 
stone of Herkimer county. Ilall was able to find the Niagara 
formation as far east as Oneida county "where it has become 
very thin, and contains but a few fossils. * '*' '•' Over a 
part of Oneida county and the western part of Herkimer, 
there is a space where no representative of the Niagara grou]) 
has been traced continuously." No one has found a Niagaran 
fauna east of Herkimer county or in the Helderberg moun- 
tains. The Coralline limestone, however, has been traced fr(^ni 
Herkimer county to the southwestern side of the Hclderhcrg 
mountains, and in this region it is, as Hall states, "more close- 

• Xat. Hist. N. Y. Pal., ii, 18S2, p. 321. 
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ly united perhaps with the drab limestone above," which he 
thinks is the Onondaga-salt group, but in reality it is the Ron- 
dout division of the Manlius. 

Recently Dr. Clarke* has proposed the term Cobleskill 
forfnation to supplant the meaningless term Coralline lime- 
stone. 

THE FAUNA OF THE CORALLINE LIMESTONE. 

In looking over a typical collection of Coralline or Cobles- 
skill limestone fossils, such as that of the American Museum 
of Natural History or of the Brooklyn Institute, one is im- 
pressed by the preponderance of the corals which make up the 
bulk of the fauna. While the species are few, yet the speci- 
mens of Favosites and ^tromatopora are very common. The 
fauna discussed below is that of the original locality, Schoharie 
county, New York. Additional species from other places, of 
which many are at hand, will not be considered here. 

Cyathophyllum hydraulicum Simpson. 

CydtliopJiylltiin hydraulicum Simpson MSS, Grabau. Bull. Geol. Soc. 
America, XI, 1900, p. 364. pi. 21, figs. la-Id. 
Two specimens of this western New York coral are in the 
U. S. National Museum from Howe's cave near Schoharie 
(No. 10533). Upon them are growing Favosites helder- 
bergiac var. praecedens, n. var. 

DIphyphyllum coralliferum (Hall). 

T'ipnphyllum coralliferum Hall, Nat. Hist. N. Y., Pal.. II, 1852, p. 322, 
pi. 72, figs. la-ic. 

This species has not been seen in Herkimer county. An- 
other closely related species is D. integiimentum Barret from 
the Cobleskill of New Jersey. 

^Acervularia (?) inequalis (Hall). 

Columnaria inequalis Hall, Nat. Hist. N. V., Pal., H, 1852, p. 323, pi. 72, 

rtgs. 3a» 3^^ 4a-4c. 
Accrvularia communis Simpson, Trans. Amcr. Phil. Soc, n. scr., XVI, 

1889, p. 459 and text figures. 

This characteristic fossil of the Cobleskill limestone has 
not been recorded west of Schoharie county, but it ha>s also 
been found near Rondout, and in New Jersey, Pennsylvania, 
and Maryland. Specimens of this species never appear to be 
abundant. * 

• Hull. N. Y. state Mus., 59. 1903, p. 4-2. 
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Favosites helderbergiae praecedens, n. var. 

Fui'ositcs niagarcnsisf Hall, Nat. Hist, N. Y. Pal, II, 1852, p. 324, pi. 
7Z, figs, la-le. 

l\ niagarensis is usually small aiid ^'spheroidal or irregular 
in fonn*' in the Rochester shale, while F. heldcrhcrgiae of the 
Coeymans limestone i»s often in **large, lenticular, depressed 
convex or hemisphericar' masses. The Coblcskill specimens 
arc spheroidal to lenticular colonies up to six or eight inches 
in diameter, and the other characters are also those of F. 
heldcrhcrgiae, and not of F. niagarensis. Since the Cobles- 
kill specimens never attain the size of the largest F. heldcr- 
hcrgiae (sometimes having a diameter of two feet in Albany 
countv) to which thev are related, it seems inadvisable to re- 
tain longer Hall's provisional identification. It may be known 
as F. heldcrhcrgiae praecedens. The type specimens are in 
the U. S. National Museum (No. 10,533) '^"^l came from 
Howe'is cave near Schoharie, N. Y. 

This sj)ecies is very abundant in the Cobleskill and is also 
found in the '*Waterlime'* or Rondout alx)ve, It also occurs 
plentifully about Litchfield, Herkimer county, N. Y., and in 
Pennsvlvania, and Maryland. 

Halysltes c tenularia var. 

Calcnipora cscliaroidcs Hall. Xat. Hist. N. Y.. Pal.. IT. 1852, p. 325. 

(~)ccurs in the cement rock at Schoharie and between the 
two cement horizons at Rondout. A similar form is found hi 
the Cobleskill in Pennsylvania and Maryland. At times the 
species is very abundant. 

Stromatopora constellata Hall. 

in form" in the Rochester shale, while F. heldcrhcrgiae of the 
pi. 72. fis^s. 2a, 2I). 

Nicholson'"' in his valuable ''Monograph of* the P>ritish 
Stromatoporoids" did not elaborate this species. Tlowever, he 
remarks that, if Coeiiostroina consielhiiinu Spencer is the same 
as Hall's species, then both are probably synonymous with .S\ 
typica Rosen. Since Sj^encer's material came from the I'l^jier 
Niagaran ( Upi)er Lockport ) and Hall's from the T-o\ver Man- 
lius. it is not probable that l>oth occurrences are of oiit^ s])eoie>. 
* Hall's name will be contimiecl until tlie internal struct un^ is 
determined. 

♦ I*ul:LontojzraphicaI Society, Luuduii. lssO-lxi»'J. p. IT.i. 
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Stromatopora concentrica Hall. 

Stromatopora concentrica Hall. Nat. Hist. N. Y., Pal., II, 1852, p. 325, 
pl. 73^ figs. 2-2b (not of Goldfuss). 

Nicholson has shown* that 5". concentrica Goldfuss, with 
which Hall identifies the Niagaran and Cobleskill specimens, 
is restricted to the Devonic of Europe. It has long been known 
that 5". concentrica Hall means little or nothing and until the 
internal microscopic structure is worked out, these stromato- 
poroids have no stratigraphic nor biologic significance. 

Orthothetes interstriatus (Hall). 

Ortliis interstriata Hall, Nat Hist. N. Y., Pal., II, 1852, p. 326, pi. 74, 

figs. I a. lb, 2?.. 2b. 
Strcptorhynchus hydraulicum Whitfield. Annals N. Y. Acad. Sci., II. 

1882, p. 193; — Ibidem. V, 1891, p. 508. pi. 5, figs. 1-3; — GeoL 

Obio, VII. 1895, p. 410, pi. I. figs. 1-3. 
Orthothetes interstriatus Schuchert. Bull. U. S. Geol. Surv., 87, 1897, 

p. 297. 
Orthothetes hydraulicus Grabau, Bull. Geol. Soc. Amer., XI. 1900, p. 

365, pi 22, figs. la.-lc. 

This is one of the most widely dispersed species of the 
Cobleskill. It is also found about Litchfield, and Buffalo, 
Xew Y'ork, and in Maryland and Pennsylvania. 

Stropheodonta (Leptostropha) bipartita (Hall). 

Lepnt:\tna hipartita Hall. Xat. Hist. N. Y., Pal., II, 1852, p. 326, pi. 74, 
figs. 4a, 4b, 5a. 

Also occurs about Litchfield and in the cement beds (Rond- 
out ) at Schoharie, X. Y. 

Stropheodonta (Leptostrophia) textills (Hall). 

Strophodonta textUis Hall, Nat. Hist. N. Y., Pal., II, 1852, p. 7,27, pi. 
7 J, figs. 6a-6«J. 

Chonetes jerseyensis Weller. 

Chotietes Jersey-.' nsis W ellcT, Ann. Rep. Geo). Surv. N. J., for 1899, 

i()00, ]). S. foot-note. 

This is a i)eculiarly marked species of Cliotictcs. The 
coarse stri.c present tlieir convex curvature to the cardinal 
iiiar;;iii and conver<.^e slij^htly in the medial part of the valves. 
( )iR\' scL-n. this shell is not easily confounded with any other 
>pccirs. llurc is but one other form of this kind in America, 
( '. iiKicrosfnata W'alcott, which, althou|:^h described from the 

• I'ijl. Soc, London, 188«>.1H92. p. 2, 91, 164.. 
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Middle Devonic, appears to be cither from the Helderbergian 
or a somewhat lower horizon in the Eureka section of Ne- 
vada. C. jerseyensis was also collected in the Cobleskill at 
Schoharie by Gebhard and may be seen in the collection of 
the Brooklyn Institute. The writer found it on Wheelock's 
farm, Litchfield, Herkimer county, New York, near Selins- 
grove, Pennsylvania, and Cumberland, Md. At all of these lo- 
calities it occurs at a horizon about equivalent to the Cobleskill 
and appears to be the most constant and reliable indicator for 
this horizon. 

Spirifer eriensis Grabau. 

Spirifer sp., Hall, Nat. Hist. N. Y., Pal., ii, 1852, p. 327, pi. 74, figs. 

8a-8d (specimens in Amer. Mus. Nat. Hist., No". *"^A). 
Spirifer eriensis Grabau, Bull. Gcol. Soc. Amer., XI, 1900, p. 366, pi. 

21, figs. 2a, 2b. 

This shell from Herkimer county and Schoharie is very 
closely related to S, modestus of Maryland (this species is 
restricted to the Manlius), and it is a question whether the two 
forms are distinct. 5. modestus may have a few more plica- 
tions, but these as a rule are nearly obsolete, though fully 
twenty-five per cent of the specimens have them as strongly 
developed as in S, eriensis. It is found also in the "Water- 
lime*' (Rondout) at Schoharie. 

Spirifer modestus corallinensis (Grabau . 

Spirifer crispus Hall (non Hisinger), Nat. Hist. N. Y., Pal., II, 1852, 

p. 328, pi. 74, figs. 9a-9h. 
Spirifer crisptis var. corralinensis Grabau, Bull. GeoL Soc. Amer., XI, 

1900, p. 352 (the varietal name is improperly constructed). 

This is not the Rochester shale S. oris pus which has well 
developed plications and from which S. z^anuxemi apparently 
descended. This Cobleskill species is almost devoid of plica- 
tions and is closely related to 5". modestus of the Maryland 
Manlius. The latter is always a larger shell and as a rule is 
more subquadrate, with a tendency to have distinct plications. 
It is also a common shell about Litchfield, Herkimer county, 
New York. 

Whitfieldella (?) nucleolata (Hall). 

Atrvpii nucleolata Hall, Nat. Hist. N. Y., Pal. IT. 185J. p. 32S. pi. 74. 

figs. loa-ioni. 
Whitfieldella cf. rotundata Grahau. Bull. Grol. S'x\ Amor.. XI. kh^o. 

368, pi. 22, tijrs. 3a. 3b. 
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In Herkimer county this species is associated with W. ( ?) 
sulcata. 

Whitfieldelta (?) sulcata CVanuxem). 

Alrypa sulcata Vamtxem, Geol. N. Y., Rep. Third Dist., 1842, p. 112, 

f^. S. — Hall, Ibidem. Fourth Dtsl., 1843, p. 142, fig. 5. 
Mcrista bisulcata Hall, Nat. Hist. N. Y., Pal., HI. 1859, p. 253 (error 

for Vaniixem's A. sulcata) 
IVhilficldclla sulcata Grabau, Bull. Geol. Soc Amer., XI, 1900, p. 
367, pi. 22, figs. za-2d. 

This is a characteristic shell of the Cobleskill. It occurs 
commonly about Litchfield, New York. 

Rhynchonella (7) lamellata (Hall). 

Atrypa lamellata Hall, Nat. Hist. N. Y., Pal., U, 1852, p. 329, pi. 74. 
figs, iia-nh. 

Also found in the "Waterlime" (Rondout) at Schoharie 
and in the Cobleskill about Litchfield, N. Y. This shell has 
an extended distribution in New Jersey, Pennsylvania, Mary- 
land, and West Virginia. In New York it docs not appear 
to pass far above the Cobleskill but in Maryland it ranges 
through 400 feet of the upper Salina and through 50 feet or 
more of the lower Manlius. 






Rhynchonella (?) Htchfleldensis n. sp. 
.-Itryfa sp., Hall, Nat. Hist. N. Y., Pal., 11, 1852. P- 330. pi. 74. figs, iii 

This species is one of a group represented in the Rochester 
shales by J?. (?) neglecia and in the Helderbergian by R. (?) 

Iraitsz'crsa. It differs from the former in having more plica- 
lions with the fold and ■sinus narrower and less pronounced. 
It is more clo.sely related to R. (?) transversa, but never at- 
tains the size of this species, nor is the fold and simis so broad. 
The fijiiired .specimen i« from Wheelock's farm, Litchfield 
tuwnfiliip. Ilcrkimcr countv. New York, and is in the U. S. 
Xinin„alMu-eum.{Xa. 34634.) 
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TcUinomyaf cquilatcra Hall, Nat. Hist. N. Y., Pal., H, 1852, p. 330, 

pi. 75. figs. I a- 1(1. 

Ihis may be a Cycloconcha or Ctenodonta. 
Az'icula suhrccta Hall, Nat. Hist. N. Y., Pal., II, 1852, p. 331, pi. 75, 

fig. 3- 

Looks more like an Ambonychia than Avicula. 

Avicxda sccurifonnis Hall, Nat. Hist. N. Y.. Pal.. 11, 1852, p. 331, 

pi. 7-:., figs. 4, 5a, 5b. 

This is not the shell of the same name again described as new by 

Hall in Nat. Hist. N. Y., Pal., III. p. 290. pi. 53, figs. 11 -14. The 

Heldcrbergian species is now referred to Az'iculopcctcn. 

Avicula limacformh Hall, Nat. Plist. N. Y., Pal.. II, 1852. p. 332, pi. 
75. figs. 6a. 6b. 

Illionia sinuata (Hall). 

AnatiiHi? simtafa Hall, Nat. Hist. N. Y.. Pal.. HI, 1859, 1861, p. 26?;, 
pi. 40. figs. 3a-3d. 

Hall states that his material came from the **l)ase of the 
Lower Helderberg group, Winfield, Herkimer county." The 
writer found this shell in great abundance in the Coblcskill near 
the same place on Wheelock's farm, Litchfield, and this seems 
to be the only horizon for this species. The specimens are al- 
ways found transverse to the bedding and standing on tlie pos- 
terior margin, indicating that Illionia is ])robably a burrowing 
bivalve. It will j)robably also be found at Schoharie. 
Flcnrotomaria suhdcprcssa Hall, Nat. Hist. N. Y., Pal.. II, 1852. p. 

333» !>>• 7^\ fic:^- ^a, 2b. 

May l)elong to Oriostoma. 
Murchisonia? ohtusii Hall. Ibidem, p. ^.t^t,, pi. 76, fig. 3. 
y'urchisonni? tcrchralis Hall. Ibidem, p. 334. pi. 76, fig. 4. 
BcUcrophoii JuricuUittts Hall. Ibidem, p. 334, pi. 76, fig. 7. 
Bticania s/y.. Hall, Ibidem, p. 334, pi. 76, fig. 6. 

This species appears to be very closelj- related to B. profunda of 
the Coeymans. 
Trochoccras c^cbhardi Hall, Nat. Hist. N. Y., Pal.. 11. 1852, p. 335, pi. 

77. fig. 2; pi. 77A, figs, la-id.— Grabait, Bull. Gec>l. Sf>c. Amer., 

XI, 1900, p. ?t7\, pi. 21, figs. 3<i-.3b. 
Trochoccras turbinata Hall, Nat. Hist. N. Y., Pal., II, 1852. p. 336. 

pi. 77. fig- I. 
Oncoccras cxpansmn Hall, Ibidem, p. 337. pi. 77.I, figs. 2a, 2I). 

Looks like a fragment of a Phragmoccras. 
Calymcnc camcrata Hall. Ibidem, p. 337, pi. 78, figs. la-if. 

Entire specimens of this species occur in the Manlius of Maryland. 
It is also found in P^insylvania. 
Lichas (Dicranogmus) ptyoimrut Hall and Clarke, Nat. Hi.st. X. >'.. 

Pal. VII. 1888^ ftJidka^n .19-91* 
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Leperditia Jonesi Hall. 

Cythcrina altaf Hall, Nat. Hist. N. Y.. Pal., H, 1852, p. 338, pl. 78, 

fies. 2a-2d. 
LcpCKditm jonesi Hall, Ibidem, HI. 1859, 1861, p. 372. Also found in 

Herkimer County. 

THE MANLIUS FORMATION OF VANUXEM.* 

This formation was called bv Vamixem the *'Waterlime 
group of Manlius/' Subsequently this name was displaced by 
Tentaculite limestone and the term Manliins did not agaii. 
come into use until 1899, when Clarke and Schuchertt revived 
it in accordance with the rules of priority and that a geologic 
fonnation shall take the geographic name of the place at which 
it was first studied. The typical section is at Manlius, Onon- 
daga county, New York. 

It is evident, from V'anuxem's description of the fonnation, 
riiat the term "Waterljme group'' or rather the '*Waterlime 
group of Manlius" was intended to cover all the waterlinies 
between the Salina and the Pentamerus limestone or Coev- 
mans. The- fossils figured or mentioned, however, are those of 
the Tentaculite limestone with one exception and do not m- 
clude any of tbe Euryptcrus fauna found in the lower water- 
lime of the same region. The formation, \^anuxem states, 
"consists generally of dark blue limestone, and usually of two 
layers of drab or water-limestone; the two always separated 
by an intervening mass of blue" (p. no). "The line of sep- 
aration between the water-lime grou[). and the Onondaga salt 
group [Salina J, is rather well defined at the eastern end of the 
district. There a brownish impure limestone is seen, often 
mottled, containing columnaria^ of a somewhat spherical form, 
and about the size of an inch or more ; also a few encrinital 
fragments, and a small orthocera, the species not named. This 
is the mass which separates the two groups, and forms the base 
of the water-lime group" (p. in ). 

The writer has not seen the type section of the Manlius" 
and (ni application to the state paleontologist of New York, 
Dr. Clarku kindly furnished the following account of it. 

"In the typical section in the hill east of Manlius village 
the lilue limestones carrying Spirifcr vanuxcmi, Tciifaculitcs 

* S'iit. Iltst. .V. r.. (it'ol.. part iii. Surv. Third Dist.. 184-2, pp. 110-116. 
t Science, x. 1JS1«1>, pp. S74-87S. 
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gyracanthus, Leperdilia alta, and some corals, are 150 feet 
thick, [This thickness probably also includes the Coeymans, 
which in this region is generally associated with the MaJilius, 
the balance of the Helderbergian formations being absent 
here.] Over them lies just a trace of the Oriskany. Neigh- 
boring sections, which we have recently made at Brown's Falls, 
Qiittenango Springs, at Waterville, and Oriskany Falls, show 
that below these layers carrying the fossils mentioned, lie dark- 
gray weatliering waterlimos with Enrypterus." 

TJic fauna mentioned by Vanuxem (chiefly from the blue 
layers) are Spirifer vanuxcmi, Az-icuia rugosa, TentacuHtes 
gyrmrantbus Holopea antiqua, Wbilficlddla (?) sulcata, 
(found only in the drab-colored beds or Cobleskill), and Lep- 
crditia alta. These species, excepting JV. (?) sulcata, are 
from the upper portion of the Manlius or the Manlius sciisii- 
stricto. From the lower portion he mentions Cohtmnaria glob- 
idiformis (this species is not defined, but probably represents 
small globular specimens of Favosilcs which the writer re- 
gards as small colonies of F. hcldcrbergiae praecedcns, and 
Haiysites labyrinthica ? {pp. 112-113). 

While it appears that \'aniixeni intended to embrace all the 
watcrlimes of the Second Geological District of Xew York 
by the term Manlius, the fauna cited by him characterizes only 
the blue limestone and the upper waterlinie beds, but not the 
lower waterlime having Eiirypterus. Usage long ago fixed the 
lower Waterlime formation as characterized by Eurypierns, 
and it is therefore to be removed from Vanuxcm's "Waterlime 
group of Manlius." The upper portion of the original Man- 
lius is generally known as the Tentacidlte limestone. How- 
ever, after further field observations, the writer concludes that 
the term Manlius should embrace all the zones between the 
Eurypterus-\>ea.uag waterlime, or Bertie formation, and the 
Coeytnans limestone. This is also in harmony with the intend- 
ed limits of the Manlius as given by Qarke and Schuchort, 
1899. According to this limitation then, the Cobleskill will 
fall into the Manlius as its lower member, since it tuiderlii-s 
immediately the Rondout waterlime and above the Biifypimis- 
bearing .MiUtlttlfc OT Bcrtic formation. 
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THE BERTIE FORMATION OF CHAPMAN. 

Clarke and Schuchert* in proposing the term Rondout, in- 
tended to apply this name to the "Waterlime" formation char- 
acterized by an abundance of Eurypterus. It now turns out 
that the formation at the type locality, Rondout, N. Y., is 
younger and lies above the Cobleskill member of the Manlius 
and it has therefore lost its intended significance (see Rondout 
section). For the lower Waterlimes so characteristic about 
Litchfield and situated beneath the Cobleskill zone of the Man- 
lius, and again the same formation about BuflFalo, New York, 
beneath the "Bullhead rock" and above the Salina, it is pro- 
posed to use hereafter the name Bertie formation, proposed 
by Chapman in 1864. 

In giving the distribution of the "Lower Helderberg 
group'* in Canada, Chapmant defines the Bertie formation as 
follows : 

The Lower Helderberg group "thins out towards the west, 
and presents merely two or three outlying patches in the 
neighbourhood of Montreal [= Becraft], and a comparatively 
narrow strip of slight thickness in Western Canada, between 
the eastern end of Lake Erie and the township of Cayuga. 
* * * This strip, in no place exceeding fifty feet in thickness, 
consists of the lowest division of the group as subdivided by 
the New York geologists, or of the equivalents of their *Water- 
lime group.' With us, in Western Canada, it might be called 
the 'Bertie or Cayuga dolomite,' as its only known exposures 
are in those townships ; or a still better term would be the Eu- 
rypterus formation, so named from its principal and character- 
istic fossil. * * * In the above townships its strata consist 
of thin-bedded greyish dolomites, interstratified towards the 
base with a few brownish shales, and with a brecciated bed 
composed chiefly of dolomite fragments.'' 

Bertie, Ontario, is but five or six miles west of Buflfalo, 
New York, and the water-lime of the former place is the 
direct continuation of the last named region. It is therefore 
certain that Chapman gave the name Bertie fomiation to the 
Waterlimc beds of western New York characterized by an 
abundance of Eurypterus. This formation about BuflFal:) is 

• Science. Dec,, 1899, pp. S74-H7H. 

f A ponular and practical exposition of the Minerals and Geology of 
Canada. By E.J. Chapman, Toronto, 1864-, p. 190. 
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more fullv described bv Grabau* under the term **Rondout 
waterlime." From this description we learn that the Bertie 
formation is about fifty feet thick and consists of magnesian 
limestones and shales, grading downward into the Salina g>'p- 
siferous shales, the latter having here a thickness of about 380 
feet Above the Bertie cement rock and not sharply separated 
from it, is the Manlius limestone, locally known as the ''Bull- 
head rock/' It is seven to eight feet thick and is a mottled dolo- 
mitic compact semicrystalline limestone ''having frequently the 
ap|x*arance of a limestone breccia." The fauna of the ** Bull- 
head rock'* described bv Grabaut is unmistakablv that of the 
Lower Manlius, or the Cobleskill member. Upon the Manlius 
of this region there was deposited a part of the Upper Oris- 
kany, but nearly all of it was removed by erosion before the 
introduction of the Onondaga limestone, l^arts of this sand- 
stone are still i)reserved in the joints and cavities of the Lower 
Manlius. Unconfonnably upon the Manliuis rests the Onon- 
daga cherty limestone abounding in corals of Middle Devonic 
age. 

In the southern half of the Ap[)alachian icgion, the l>ertie 
formation is not lithologically distinguishable from the Salina, 
and here the latter term is extended to embrace the entire in- 
terval between the Niagara and Manlius. 

HRLDERHEKCIAX SFXTIONS.f. 

Section nt Indian Ladder, Albany County. X. Y. 

Marcellus, Onondaj^a hmcstonc, 85 ft. Schoharie ^rit. 3 ft. E>c)pus 
shale, 100 to 120 ft. Upper Oriskany, i ft. JIiatii>. New Scotland and 
Bocraft, 160 ft. Cocymans, ^2 ft. 
Manlius, 50 ft. 

'J>an>^itional Manlius (14' 6"). Has no T. ^yracanthus hut 

Sf'irifcr iviiuxcmi ncc\\r> throughout. 
Tliin hoddcd ManHus (31' 6"). Has an abundance of T. f^yni- 

cm f hits. S. I'nnuxcmi. J.cpcrditia alta, etc. 
WaterJinie or Rmulout (4' 6") resting unconftjnnahly on the 

Frankfort shales of the Chainplainic. 
X(»t far away to the north, at Altani<.>nt. (»n the l^'rankt'ort re>t 
dark-gray, thin-hedded linu*<t«>ne> le>>^ than j fi. lliiok. I'lu'-o 

• null. S. V. state Mas., ix, No. 4.'. lyol. pp. 1 l.'-llT. 

t liuN. Geol. Soc. Atncr.. xi. I'JOo, p. 85(). 

t These sections and many more cxtt-ndini; Iroiii l'iini'<yl vnnia sniuli to 
Tennessee will be published elsewhere in Kreatir det.iil and will Ik- the bji*«i»; l<>r 
a general discussion of the sequence? of events in the v_ urn In- r land Meditetranc.'in 
throuf^hout Ontaric and Devonic time. This work ts now nearly completed. 
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resemble the upper layers of the ''Waterlime'' (Rondout) at 
Schoharie and Howe's cave, to which formation they are re- 
ferred by Prosser. There is here, therefore, very little of the 
cement rock of the Rondout member, none of the Coblcskill 
limestone or the so-called Clinton of the Schoharie section. To 
the south of Indian Ladder, at New Salem, the Manlius (s.s. ) 
has a thickness of 45 ft., the Rondout 6.6 ft., followed by 10 
inches of greenish sandstone to coarse arenaceous shale. The lat- 
ter layer Prosser regards as possibly representing the Clinton. 
It is more properly regarded as the invading basal deposits 
of the Rondout as it unconformably overlies the Frankfort 
shales of Champlainic time. . 

Bccraft Mt., near Hudson, Xcw York, 

Onondaga, 15 to 20 feet. Esopus and Schoharie, 200 feet. Upper 
Oriskany. about 2 ft. Short hiatus here. Kingston, about 20 to 25 
feet. Becraft. 40 feet. New Scotland, 75 feet. Coeymans. 45 feet. 

Manlius ('ucluding a part of the Rondout). $7 feet. 

Upturned Norman*;kill shale (Champlainic). 

Schoharie. Xcn' York. 

Marce'llus. Onondaga, 49 feet. Schoharie, 12 feet. Es<»pus, 130 
feet. Upi)er Oriskany, 10 to 20 feet. Hiatus. Becraft. 30 feet. New 
Scotland, 85 to 95 feet, Coeymans, 65 feet, 

Manlius (sensu stricto). 45 feet. Entire Manlius, 92 ft. Ron- 
dout member or Waterlime series, 39 ft. "The passage to the 
Manlius above was quite as gradual as that from the Coralline" 
(Stevenson). In the Gebhard collection of the Brooklyn Insti- 
tiUe are shown fossils from this Waterlime that are of the Coble- 
skill fai:na. These are small globular Fa^'osites. i)robably 
small colonies of F. hchlrrbcr^iac var. pracccdcns. Hcdcrclhi 
or Rrptaria. Strophcodonta hipartita. Rhynchonella ( ?) lamcl- 
litsa and Sph>'ifrr cricnsis. 
CoMe^kill limestone, 7 feel. It is from this zone that Gebhard 
derived the Coralline fauna described by Hall in Xat. Hist. 
New York. Pal,. II. 1852. pp. 321-338, and listed above. 
Unt'os>:iiforous sbnlcs weathering dirty-white, with much nod- 
ular pyrite and barite. Tbi*; horizon is generally but errone- 
ously correlated with the Clinton. To the south of Gebhard 
orcek brid)/i', I'rc^ser gives the tliicknc's'^ as 19 feet, while 
al IIowc'n r.'ivf the tbickue<< is 24 to 40 feet. On the basis 
nt' the aljoininir sections, the asie of these olive green shales 
si'cm-^ l(» be [.ewer Coblcskill. '/he sea transgressed from tin* 
sor.th l)<.*c;iiisc in that di recti* tn more and more of the Man- 
lius ind nil of tlu* Salina >tnita are present. To the norlh- 
v.ar'l anrl <\isi\var(i not (']\]v the Salina but the lower portion 
of the Mar.Ii'-i>i :«> noil, gratlually disappear. 
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Litchfield townshit*, Herkimer Co., N. Y, 

Onondaga. Covered slope, 15 ft. Coe>Tnans, 80 ft. 

Manliiis about no feet. 
The upper 80 feet not well exposed, but parts can be seen in 
various places. 

Cobleskill member, 30 feet. 
Thin, irregular bedded gray to yellowish impure limestone 
abounding in the fossils of the Coralline limestone. Many 
of the species from this place are noted in the fauna listed 
above. 

Bertie forniafion. From the Cobleskill member down to the 
Euryptents beds the steep hillside for 60 feet does not ex- 
pose the strata. The writer is uncertain whether the strata 
of this zone should bo added to the Manlius or the Bertie. 
They are probably more correctly referred to the latter. 

Waterliino, or the "drab colored layers of the Onondaga salt 
group." Near the top occur Euryptents remipes, Pterygotus 
macropthalmus, Dolichoptcrus macrochirus, Pseudoniscus 
roosci'clti, etc. Niagara absent. Clinton thinning from 200 
feet in the west to 50 feet in the east. M>edina absent. Oneida 
thin, resting on the Frankfort of the Champlainic. 

J'icifttty of Rondout, Ulster County, N. Y. 

Onondaga averaging for Ulster county 60 feet. Esopus 200 to 300 
feet. Oriskany 30 feet. Kingston and Becraft about 40 feet. New 
Scotland 60 to 70 feet. Cocymans 30 to 60 feet. 
Manlius 77 feet. 

Ribbon limestone (6' to 8") at top, then Stromatopora lime- 
stone (8'). Tcntaculite limestone (14'), and the cement 
beds (40 feet). 
Cobleskill limestone 7 feet. Abounds in the corals of this form- 
ation. One mile north of East Kingston this member has 
thinned to five inches (Darton). Farther north it is unknown. 
Upturned Hudson River slates. 

Port JeniSj Nezv York. 

Beneath the Helderbergian occur the following formations: 
Miinlius, 126 feet. 

Spirifcr ranuxemi zone 22 feet. Waterlinie abounding in Os- 
tracoda and Stromatopora, 5^) feel. Coralline limcstune with 
Accrvularia (?) incqualis. Hiilysitcs, caicnularia var., Pa-i'o- 
sitcs hcldcrbcrgiac var. praccnl.'us, Diphyphyllum intcgumcn- 
tiim, Stn^phcodonta bipartita. Orthoihctcs intcrsfriatus, Rhyn- 
choncUa ( ?) lamcUata, \ I'll it field clla uticlroljtii, Calynicuc cuui- 
crata, etc. 

Thin bedded ]iiiicsl'>nt'< and shales. 42 ft-ot. The diaf^nK>>i!0 
fd'^sil ot the l«>\ver half is ( 7; /'//.'/. w jrrsryrusis. nthor\\i>c the 
f.'unia is that of the CuMc-^kill HUMn]>t'r niinu^ its C'.>ral-. 
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Salina. Bossardville limestone (12') at top and Poxima Island 
shale (i') below. Both members thicken rapidly south west ward. 

Unconformity here as there is no Clinton nor Niagara. 

Medina red shale above passing into the Shawangunk grit, 750 
feet. 

Hudson River slates upturned and eroded. 

POSITION OF THE CORALLINE LIMESTONE. 

/ 

The actual position of the Coralline or Cobleskill limestone 

is located in the Schoharie section (see p. 173). Here it is a 
zone seven feet thick, resting on unfossiliferous pyritiferous 
shales, the exact age of which cannot be determined at Scho- 
harie, but is as stated usually regarded as the eastern attenuat- 
ed edge of the Clinton. The Niagaran is not present here, and 
Hall states that it has thinned out to a thin concretionary band 
in Herkimer county and is absent east of this region.* Yet 
Hall believed the Cobleskill to be the eastern representative of 
the Niagara. Above the Cobleskill in the Schoharie section 
follows a Waterlime (not the Waterlimc or Bertie formation 
of Litchfield but the Rondout member), which differs in color 
from it, but this expression of a change in the physical con- 
ditions did not affect the fauna, since the most abundant coral 
Favositcs hcldcrhcrgiae pracccdcns continues into the- Water- 
lime for three feet. Not only this, but three characteristic 
species of the Cobleskill. Stropheodonta bipartita, Rhynchonella 
( ?) lamellata, and Spirifcr cricnsis, continue still higher in the 
same section. These facts show that the Cobleskill limestone 
is intimately connected with the "waterlime*' or Rondout of 
the Schoharie section and al»so that the latter is but an early 
phase of the Tentaculite limestone, because it has two of its 
characterizing fossils, as Spirifcr vanuxcmi and Lcpcrditia alta. 
The Waterlime about Litchfield, to which the name Bertie 
formation is now applied underlies the Cobleskill, and has a 
fauna the equivalent of that of the cement beds in the quarries 
at Buffalo, New York. Not a single species of the eurypteroid 
fauna of the Bertie limestone has been discovered in the Water- 
lime above the Cobleskill. 

Passing to the east of Schoharie and observing the sections 
of All)any county, one sees that the unfossiliferous pyritiferous 
shales are absent, and further, that in the Indian Ladder sec- 

• Silt. Hist .V. v.. Pal., ii. 18r>ll, pp. 106107. 
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tion the Rondout is reduced to four and one-half feet, but 
which at Schoharie has a thickness of thirty-nine feet. 

To the west of Schoharie, about Litchfield, Herkimer coun- 
ty, the Manlius including the Rondout and Cobleskill mem- 
bers, has a thickness of no feet, beneath which is a covered 
slope of about sixty feet to the true Waterlime or Bertie fomi- 
ation with the Eurypterus fauna. In other words, the over- 
lapping of the successive younger formations is from the west 
and south to* the east and north. In Herkimer countv the Clin- 
ton is not followed by the Xiagaran. but at once by the Salina. 
r^arther east the Clinton also fails, and at Schoharie, after 
nineteen feet of the i)yritiferous shales, there follow at once 
the Cobleskill, the Rondout, with the Coralline fauna, the Up- 
per Manlius, and then the Helderbergian. Here the united 
thickness of the Cobleskill, Rondout and Upper Manlius is 
ninety-one feet, while about Litchfield the same zones are no 
feet thick. Therefore, the pyritiferous shale of Schoharie can- 
not be the Clinton, but probably is the thinned eastern edge 
of the lower part of the Cobleskill of the Litchfield section 
and not of the true \\'aterlime or Bertie formation. 

From a faunal standp^)int the Cobleskill shows clearly that 
it cannot be the eastern representative of the western Niagara. 
There is not a species common to the two fonnations. This 
fact was noticed by Hall in 1852 — though less emphatic — wlien 
he described the fauna, since he distinctly (jueried all the j^up- 
posed specific identities. The presence of Halysitcs had some 
influence in this correlation, but certainly this genus alone can- 
not make this fauna Xiagaran, since it is known to range from 
the Black River upward into the Manlius. 

An analysis of the Cobleskill fauna also shows it to l>o 
younger and more advanced than that of the ^lagara and al- 
so that it is not a direct development out of the latter. Tbe 
diagnostic Xiagaran types are not present in the Cobleskill 
fauna, while the latter is clearly the j)recur^or <)f that nf tlio 
Tentaculite limestone. This view is furtlier stistained hy tlic 
S])ecies in common (four out of tliirty-oiie) to ])nth Imrizons. 

Tracing the Cobleskill and Manlius faunas southward, tl'c 
writer has noticed that both are very pi-rsislcnt i1irnui;li"Ut 
Xew Jersey, IVnn.svlvauia, into Maryland and \\'o<t \ iri^iiiia. 
In the same direction it lias also l)een seen llial llie ( )nt:i'ir 
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sequence is completed, that some of the formations increase 
in thickness, and that all lie conformably beneath the Helder- 
bergian.* 

In southeastern New York the Manlius is about the thick- 
ness of that in Herkimer county, but here the Cobleskill ap- 
pears to occur about thirty feet higher tlian to the north. At 
Grovania and Selinsgrove Junction, Pennsylvania, the Coble- 
skill fauna occurs at about the same horizon as in southeastern 
Xew York. Farther south in Pennsylvania and ^larvland it 
is more diffuse and ranges through a horizon of alx>ut fifty 
feet, if one is to judge by the position of the corak in the local 
sections of the Manlius. RhynchoncUa (?) lamcllata is not 
reliable as an indicator of the Cobleskill fauna, since in Mary- 
land it is known to range through 450 feet of strata of the Up- 
per Sah'na and Manlius fonnations. 

THE MANLirS FORMATION REDEFINKD. 

In the preceding pages it has been shown that the Coble- 
skill limestone is not the eastern representative of the Niagaran 
of the western part of Xew York, but that it is inseparably 
connected with the Rondout member of the Manlius, and that 
this zone follows without break into the Tentaculite limestone. 
The latter is U'sually regarded as the entire Manlius form- 
ation, but it will be more expressive of conditions in nature to 
extend it to embrace all the strata between the Bertie and 
Coeymans limestones. This will also be more in harmony with 
\'anuxem's conclusion, since he included the horizon having the 
Cobleskill fauna in his Manlius formation (see pages 169, 170). 
From his definition of this formation, usage long ago excluded 
the lower Waterlime, and this i)art is here referred to as the 
P>ertic limestone. Therefore; the Manlius formation, as above 
defined, includes in the typical area, Herkimer and Schoharie 
counties, X. Y., the Coralline or Cobleskill limestone, the Up- 
per ''Waterlime" or Rondout and the Tentaculite limestone or 
L'l)])er Manlius. 

At present, the recorded fauna of the Manlius is a small 
one. In the near future, however, the writer hopes to describe 
a larij^c accession made in Pennsylvania, Mar>'land, and West 



• For proof of this in Maryland see Schuchert "On the I^owcr Devonic and 
Ontario f'ormations of Maryland, {Proc. U. S. Xat. \fus., xxvi, 1903, pp. 

413-424). 
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Virginia. A striking addition comprises . many new species 
of cystids and crinoids. Of Sphaerocystites multifasciatus 
several thousand specimens are at hand, and of Cmnarbcrinus 
many hundred individuals, some of which have a diameter of 
five inches. Bryozoa and ostracods are other characteristic 
elements of the Manlius, and its fauna is Siluric in facies. Out 
of this fauna some of the Helderbergian life developed, but the 
latter fauna also received many new immigrants towards the 
close of the Coeymans. It is these two elements, both derived 
from the North Atlantic, that together make up the Helder- 
bergian fauna. 

Thickness of Manlii^, Along the eastern side of the Hel- 
derberg mountains and east of the Hudson river at Becrafts 
mountain, the Manlius is not fully developed (50-57 ft), and 
these younger deposits were laid down after the Cobleskill 
fauna had invaded southeastern New York. Along the west- 
ern side of the Helderbergs about Schoharie there is a far bet- 
ter development (91 feet), and the full series is seen in Litch- 
field township (110 feet). At Port Jervis, New York, the 
thickness is 126 feet, and throughout Pennsylvania, Maryland 
and West Virginia it varies between 100 and 145 feet. This 
variation, however, is probably due somewhat to interpretation, 
since, in a continuous series of like deposits correlated over a 
wide area, the faunal occurrences cannot be depended upon 
to hold the same plane throughout. In a general way, the 
average thickness for the Manlius may be taken as no feet. 



EDITORIAL COMMENT. 



A NEW BUILDING FOR THE NATIONAL MUSEUM 

AT WASHINGTON. 

Among the bills passed during the closing hours of the re- 
cent Congress was one providing for a new buikling for the 
U. S. National Museum, a matter in which, it is reasonable 
to suppose, the readers of this journal will have more than a 
passing interest. 

The present National Museum buikling, as is well known, 
is a cheap affair, costing only about $250,000, erected in i<S8i 
to meet the emergencies of the acquisition of kirt^a' connections 
from the Centennial Exposition in 1876. It was long 'dij^o aj)- 
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parent that this building was not only too small, but otherwise 
unsuitable for museum purposes, as well as entirely lacking in 
dignity. For several years the matter of a new building has 
been under consideration, but for one reason or another the 
plans have never matured. The one for which provision is 
now made, as shown by the tentative plans, is a rectangular 
granite building, having «a frontage of about 486 feet, a depth 
of 345 feet, and a hight above the ground in front of about 70 
feet, with two open courts. As designed, the building has four 
floors, inclusive of a basement, and will afford about 400,000 
square feet of floor space. The first and second floors are in- 
tended for the public exhibition collections and the basement 
and upper floor for the reserve or record collections, work 
rooms, offices, and other miscellaneous purposes. 

The interior arrangement above the basement is a com- 
bination of large and small halls, the three largest halls being 
lighted from above and having two series of galleries of suffi- 
cient width to permit of their being screened off and made into 
series of separate rooms for exhibition and other purposes. 
This arrangement has been adopted as practically furnishing 
the largest possible amount of well-lighted floor space in a 
building of the size proposed and as presenting many other 
important advantages. 

The limit placed by Congress upon the cost of the building 
is three and one-half million dollars. While the space provid- 
ed is not all that was desired, it will, at least in connection with 
the present building, give room for expansion for several years 
to come. As may be recalled in our editorial comment on the 
Department of Geology in the National Museum, in the Aug- 
ust, 1901, number of this journal, it was estimated that the 
Department of Geology alone will require about 100,000 square 
feet of space during the next ten years. Should this estimate 
prove to be correct, the accommodations afforded this depart- 
ment in the new building will not be more than sufficient for 
the next twentv-five vears. 

In consideration of the many cheap expedients to which the 
Government has resorted during years past, the scientific com- 
munity is certainly to be congratulated on the satisfactory out- 
come of the work of the Museum authorities during several 
years past. G. p. M. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Alphabetical cross-reference catalo^v.e of all the publications of Edward 

Drinker Cope, from 1839 till his death in 1897. Persifor Frazer. 

(Mem. Revisla, Soc. Cicn., Antonio Alzatc, 1899-1900. Mexico. 

All paleontologists and other naturalists who study the work of Cope 

will be pleased to have this thorough catalogue. By it any paper of 

Cope may l)e found without delay. Dr. Frazer has rendered a great 

service to the memory of Copo as well as to future generations that will 

desire to know of his writings. N. h. w. 

Recent Geologic zvork in Franklin and St. Lazvrencc counties [Neiv 
York]. H. P. CusHiNc (20th report of the State Geologist, 1900, 
reprinted from the 54th annual report of the New York state mu- 
seum, pp. r23-r82, Albany, 1902.) 

Prof. Cushing is carrying on a series of careful diagnostic distinc- 
tions in the Adirondacks. l)ascd largely on field observations in the 
areas of gneiss, granite and anorthosyte. He is approaching some con- 
clusions on topics which arc of fundamental importance in Archean 
geology. His latest results arc summarized as follows, by himself: 

"The al>ove recorded observations seem to the writer to prove in 
some cases, and to strongly indicate in others : 

1. That the Adirondack anorthosyte is cut intrusively by an augite 
syenite which is therefore younger- 

2. That while the larger part of the augitc-syenite of the Adiron- 
dacks is in such situation in respect to the anorthosyte as to render 
impossible any determination of relative age, its general character is 
so uniform throughout that it is exceedingly probable that it is all of 
the same approximate age. and consists of intrusions from this same 
source. 

3. That at their lK)rders these syenites pass over into granite, 
part of which at least cut the syenite eruptively and are therefore 
younger. 

4. That the syenite grades into granite on the one hand and into 
gabbro-diorj'te on the other, and apparently into anorthosyte as well. 

5. That the three together, anorthosyte, syenite, and granite, form 
a great eruptive complex in the heart* of the Adirondack region, and 
that all are younger than the (in part at least) sedimentary Grcnville 
r(jcks. 

The writer was at first disposed to take a different view from that 
given above, thinking that the probable explanation rtf the phenomena 
was the i)resence of augite-syenite of two difTerent ages in the region, 
the one younger and the other older than tlie anorthosyte, the la>t to 
be classed in the general gnei>s serie-^ of the Adirondacks. While that 
may yet prove the true explanation, the prohahihtie.s ^eem t" favr the 
one outlined above." 

yir. Cushing gives very i)ertinent remarks on the ck'i>>iticaiion of tlic 
AdiriMidack pre-Canil)rian rocks, and on the relationship of tlu- >yrnilc 
and granite to the anorthosyte. x. u. w. 
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Lcs analyses en bloc et leur interpretation, par M. F. FouQui:. (Bull. 

Soc. Fr. Mineral, 1902, XXV., pp. 278-359). 

In attempting a review of this important work it has seemed that 
a few quotations will best serve the purpose. 

"Block-analyses of eruptive rocks have found great favor of late 
years among petrographers." * ♦ * 

"When a rock is holocrystalline, and when one has made separately 
and beforehand an analysis of each one of the constituent minerals it 
is possible to deduce from the block-analysis the qyantitative mineralog- 
ical composition, a fact, evidently, of some importance. But if the con- 
dition named is not fulfilled it must be admitted that only controvertible 
results are obtained even when the microscope has revealed the nature 
of the constituents of the mineral mixture studied." * * * 

"There are few holocrystalline rocks which do not belong to the 
category of rocks called plutonic, which are characterized for the most 
part by the presence of crystals that are rarely encountered among the 
mineral substances derived from the action of volcanoes of the present 
time. Volcanic rocks are formed essentially by means of igneous fusion. 
The minerals of the plutonic rocks arc intimately related, on the con- 
trary, to products crystallized in' veins by the aqueous method." * * * 

"In plutonic rocks the frequence and sometimes even the pronounced 
predominance of quartz, muscovite, tourmaline, fluorite. etc., exclude 
ihe idea of a production directly from a molten magna and show that 
imlurc has here availed herself chiefly and sometimes solely of a modus 
(■I'crandi entirely dififerent. If the rocks in question emanate primordi- 
al ly from a fused silicate magma in the midst of which their elements 
have temporarily existed under the influence pi pressure, they are now 
c nly indirectly connected with this magma ; they have been, as it were, 
extracted from it and transported a greater or less distance by the ac- 
tion of mineraliser^ ; they have thus lost the imprint of their first home, 
a!id acquired characters essentially dififerent from those possessed by 
their original matrix. They are as far removed from it as the prod- 
ucts of volatilisation, of decantation or of« crystallisation from an aque- 
ous solution can be from their primitive host." * * * Therefore, 
cluniical analyses of these rocks "have no value so far as their origin 
is concerned." 

These considerations "do not apply to the study of rocks called vol- 
canic. These form before onr eyes in nature, we see them derived di- 
rectly from iijn«'ous fusion, and we can easily reproduce in our labor- 
atories most of tlieni by fusion of their chemical elements and properly 
c«nt rolled rcsoliditication. The connection between the solid rock and 
the fused nia^ma from which it is derived can be followed step by step. 
Moditioations pn^hiced by crystallizati(ui hardly change the composition 
at: all." 

riu- andior then i)rncced.s to a detailed study of a large number of 
u'.a^s analyse'- of the volcanic mcks of Santorin with especial reference 
to tile coinpjwition <»f the feldspar as derived from the composition of 
the rnrk. He >]k>ws that there are two chief varieties of volcanic rocks 
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at Santorin which Becke has called santorinyte and alboranyte. He 
then proceeds to a similar study of certain volcanic rocks of Auvergne. 
Probably the most important part of the article is comprised under the 
caption : — "Critical examination of the theory of differentiation." The 
author states that this theory includes the following hypotheses: — 

"i. The terrestrial globe must have been primitively fused in all 
parts, and homogeneous." 

"2. The present heterogeneity of eruptive products must be due to 
spontaneous separations which have occurred in the original magma 
under the influence of inequalities of temperature." 

"3. Differentiation is still in progress and has continued constantly 
since the beginning of geological time. The general molten magma 
has divided more and more, and the partial magmas, obeying the same 
law, have divided in their turn into magmas of the second, and third 
order, etc. Thus differentiation is a normal phenomenon, subject to 
fixed rules, which circumscribe the process more and more as nature 
pursues its subterranean work." 

Certain objections to these hypotheses are then stated. 

"In the first place, nothing demonstrates the primordial homogeneity 
of the earth. If such a state had ever existed it would have been due 
either to the uniformity of composition and distribution in space of the 
cosmic materials whose precipitation and agglomeration have given rise 
to our globe, or to an energetic and prolonged mixing of the fused mag- 
ma in the earliest period of the genesis of the earth as a distinct 
planet. Now, neither of these explanations can be accepted. The di- 
versity of composition of the meteorites falling in our own times shows 
clearly that the cosmic material still in circulation in space is wholly 
lacking in homogeneity; furthermore, the study of the results of spec- 
tral analysis of the stars confirms this conclusion," ♦ * ♦ 

"As for the explanation of the primordial homogeneity by means of 
a supposed mixing and of the extreme fluidity of the primordial ele- 
ments of tjie globe, no facts support it ; it is a purely gratuitous hypoth- 
esis, and even in contradiction with what the laws of physics, mechanics 
and astronomy have led us to believe as to the destiny and rigidity of the 
central parts of the earth, and with what is known concerning the vis- 
coscity of the fused material beneath the crust of the globe. The hy- 
pothesis of a single homogeneous primitive magma (the Urcrdmagma of 
the German and Scandinavian petrographcrs) therefore ought to be en- 
tirely abandoned." 

The author then points out that cr>'stallisation in a fused silicate 
magma produces only a differentiation of a character essentially miner- 
alogical, and not geological. And further, that while var\M*ng specific 
gravities would tend to separate crystals in a magma, the heavier 
cr>'Stals can not descend much l)clow their initial position uitliout being 
redissolvcd on accoimt of the higher teni])erature encountered. Tliere- 
f( re this process can only produce a small vertical transfer of materials. 

The theory that differentiation can be produced by tlie earlier crys- 
tallisation of the nu^re basic minerals on the cooler wrdls of a fused 
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magma is considered to need confirmation. In any event this theory 
can evidently not be appealed to as explaining differentiation in a tan- 
gential direction on the earth's surface. 

As to the theory of more general application that any given magma 
will differentiate while remaining in the liquid state into two or more 
magmas of varying composition, the reader is referred to' Becker's clas- 
sic articles,* which present serious objections based on careful experi- 
mentation. The author then presents objections of a more general char- 
acter, but lack of space forbids following the argument further. It may 
he well, however, to quote the conclusions reached : — 

"i. The heterogeneity of the globe is primordial both in the tan- 
gential and radial direction; it has not undergone very considerable 
inudification during geological time. Crystallisation and the slow and 
limited movements caused by the difference in density between crys- 
tals and magmas containing them are the only efficient causes of sensi- 
ble displacements'' of materials in magmas. 

"2. The theory of differentiation taken in its full extension, with the 
meaning that modern petrographers have attributed to it, meets with 
grave objections, not to say impossibilities." 

"3. It is cither based upon conceptions entirely gratuitous, or the 
facts of detail cited in its support are uncertain or susceptible of other 
interpretations which are more probably correct." a. n. \v. 

Lcs Roches Alcalines caracterisant la Province Petrographiquc d' Am- 
pasindava, par A. Lacroix. (Nouvelles Archives du Museum d'- 
Histoire Naturelle, 4th Series, Vol. I. 4to, 214 pages, 10 plates and 
45 figures, Paris, 1902.) 

The first two chapters of this memoir, embracing all the descriptive 
matter, were briefly reviewed in the November number of the Geol- 
ogist (Vol. XXX, p. 328). The third and final chapter (second fasci- 
cule) has now appeared; it is devoted to a summary statement of re- 
sults, and a discussion of the conclusions of general interest to be 
drawn from the study — as previously stated the subject of the memoir 
is a new petrographic province situated in the northwestern part* of 
Madagascar — this province is characterized by the abundance of erup- 
tive rocks which are of many types, representing all the alkaline rock 
families now known. In known geographic area the province includes 
only a small fraction of the total area of Madagascar covering nearly the. 
whole of the extreme northern end. However, Lecroix suggests that 
this may be merely an outlier of a possible petrographic province of 
immense size and similar characteristics extending all the way from 
the Transvaal along the eastern coast of Africa through Zanzibar, 
British and German East Africa, and Somaliland, across the Red sea to 
Yemen in Arabia. 

The following table is a summary of the author's conclusions in 
the most condensed form possible. It is impossible in a brief review 
of this character even to enumerate the reasons given by the author 

♦ Am. Jour. ScL, 1897. iii. p. 21; iv, 2r>7. 
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for rejecting the term teschenyte and greatly restricting the significa- 
tion of the name theralyte, as well as for other features seen in the 
table. 

NON-QUARTZOSE ALKALINE RoCKS. 



Family 
Namb 


Lbucocratic 

MiNBRALS 


Lbucocratic 
Group 


Mbsocratic 
Group 


Mblanocratic 
Group 


Alkaline 
syenyte 


Orthoclase 
(Anortho- 
clase, etc.) 


Pulaskyte 
Sanadinyte 


Laurvikyte 


Shonkinyte 
malignyte 


Monzonyte 


Orthoclase 
Plagioclase 


Lencocratic 
monzonyte 


Normal 
monzonyte 


Olivine 
monzonyte 
(kentallenyte) 


Feldspath- 
oid 
syenyte 


Orthoclase 
Nepheline, 
etc. 


Normal nephe- 
line syenyte 
(ditroyte, fay- 
ay te) Nosean 
sanadinyte 


Covyte 


Theralyte 


Feldspatli- 
oid 
Monzonyte 


Orthoclase 
Plagioclase 
Nepheline 


Soda lite micro- 
tinyte 


Normal 
nepheline 
monzonyte 
(essexytc) 


Melanocratic 
essexyte and 
soinmayte 


Feldspath- 
oid 
gabbro 


Plagioclase 
Nepheline 






Nepheline gab- 
bro. Hauyne 
gabbro 


Ijolyte and 
Missouryte 


Nepheline 


> 

Urtyte* 


Natronsus- 
sexyte* 


Ijolyte and 
Missouryte 


Alkaline 
gabbro 


Plagioclase 




Mesocratic- 
dioryte- 
gabbro 


Dioryte-gabbro 



• See pa£^e 194 of memoir. A. N. W. 

Index Animaliiim. C. D. Siierborn, Cambridge, 1902. pp. 1195. 

This is the first section of a work which in its undertaking is a 
monumental enterprise, and which, if completed, will be truly a won- 
derful achievement. The effort contemplates the cataloguing of all 
animal names, whether of fossil or living, that have been applied by 
naturalists. This volume contains the record from 1758 to 1800. and 
hence embraces but very few fossil names. The rest of the rect)rd will 
cover, if brought up to date, more than 100 years, and it is quite cer- 
tain, considering the greater number and the greater industry of name- 
makes during the last century, to far exceed the present volume — and 
it will probably more than double the names contained in this volume. 

This work has been in progress since July i. iS</). It has l)ccn coun- 
tenanced by the British Association f<»r the Advancenu-nt of Scionce 
which has had a standing committee of co-operation and advice Ilu" 
Association also sup])orte(l the finance^, in wliioli it wa< aidod ])y tlu- 
Zo<')logical Society and by the Royal Society. Tlie anilior li;i> c<,n 
suited not only luiglish but continental and Anuriean work^. I lie 
list of such work>. and their author-, occupies ^\(^ ]>;iiie-. I lie plan of 
the author gives really two indexes. <»ne of all ^-peeific ii.iine- ami one 
of all genera. The >peeit"ic names may li.'i\e been ajiplied in nunii rous 
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genera. The work lists every such application and gives also the date 
of its publication with exact reference to the authority. In the gen- 
eric catalogue only the species that have been described under each 
genus are given, without references to authorities. Here appear cer- 
tain interesting features. The specific names are nearly all adjective 
in form and found in the Latin language. The Greek-derived terms 
are conspicious by their absence or rarity. Entomology takes the lead. 
Curculio has J 137 species. Ichneumon has nearly as many, also Musca, 
Papilio has about 2000 species, named between 1758 and 1800, and 
Phalaena about 50CO. 

The work issues from London, C. J. Day and Sons, Cambridge 
University Press, and is distributed by the Syndics of the Cambridge 
University Press. N. h. w. 

Das Sovinccnd i^ebirgc im Untcrinnihal, cin Typus alpinien Gehirgs- 
baues. von Dr. Franz Wahner. Erst. Th., 96 illustrations, 19 pho- 
tographic plates and a geological chart 365pp. Leipzig and Vienna, 
1903, Franz Deutickc. 

This beautiful publication is devoted to an examination of a portion 
of the Alps to which have Ijeen given the study and the field labor of 
many geologists. The author analyses and abstracts very liberally the 
publication of his predecessors from 1819 (Uttinger) to 1899 (Bose), 
including Bittner. Mojsisovics. Wahner. Freeh. Lechleitner. Pichler, W, 
B. Clark, Geyer, Klipstein, Dicner, Giim1)el. Zittel, Richthofen, and 
others. 

Whatever may have been the cause of other portions of the Alps, 
^he author's exposition makes it plain that this portion is composed of 
upthrust ?.nd crumpled sedimentary strata. The principal fossils be- 
longing to these formations (the Lias with associated hornstones. gyp- 
sum, breccias, dolomyte*;, etc.), are enumerated. The faults and brec- 
cias are described. The stratigraphic succession is many times defined 
and illustrated at critical points by colored photographic plates. These 
plates are constructed on a new plan. The engravings, made from 
photographs, are colored so as to indicate the position and outlines of 
the different parts of the Lias, as they strike across a cliff or are broken 
and nipped in the adjacent stratification. This produces a very effective 
picture. 

This is a first-class publication, a great credit to the Society for the 
T'nunotion of Science in FK^hemia under whose auspices it is published. 
If it were supplied with a good alphabetical index it would compare well 
with the best American works of ibis nature. n. h. w. 

On the I Alices of Southeastern Jf'isconsiu. By N. M. Fenneman. 
Professor of Geology, University of Colorado, Wisconsin Geolog- 
ical and Natural History Survey, E. A. Birge. Director; Bulletin 
Xo. viii. Pages 178: with 36 plate>, and 38 figures in the text. Ac- 
ooini>aiiie(l l)y fAlded maps of lakes, each with explanatory text 
Madison. Wis.. igo2. ^ 

riii^ bulletin contains very full descriptions of the physical geog- 

rai)liy and geology of numerous lakes and their vicinity, including 
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lake Beulah, Elkhart lake, Oconomowoc and other lakes of Waukesha 
county, the Chain-o'-Lakes in Waupaca county, Delavan and Lauder- 
dale lakes, Green lake. Big Cedar lake, and lakes Mendota and Mon- 
ona, adjoining Madison. Much attention is given to the effects of 
glaciation in producing the multitudes of small lakes in this region, 
and to the action of the lakes in modification of their shores. 

Lake Winnebago, larger than any of these, but comparatively shal- 
low, is expected to be the theme of another bulletin; and an atlas of 
the chief lakes of the state is in preparation. 

Lake Mendota, having an area of 15 square miles, is the largest 
here described ; and Green lake, measuring 237 feet in depth, is the 
deepest. The maps show admirably the contour of the lake beds, 
which, not less than their shores and the surrounding country, give 
evidences of the glacial history to which mainly they owe their origin. 

w. u. 
The Origin of Certain Place Names in the United States, By Henry 

Gannett. Bulletin of the U. S. Geol. Survey, No. 197. Pages 

280; Washington, 1902. 

Historians and antiquaries will welcome this very satisfactory com- 
pilation of the origin and meaning of about seven thousand geographic 
names, representing, though far from completely, all parts of our 
country. This work may desirably be much further extended, for 
which the author invites "criticisms and additions, with a view to ob- 
taining in the future all possible information on this subject." It is 
a field of especial attractiveness for students of geography, history, 
and philology. Very advantageously may our state historical societies 
gather all details in their respective states, as is now being done in 
Minnesota, for their own publications and for contribution to the great 
work planned, and thus begun, by our national survey . w. u. 

Bornholms Paradoxideslag og dcres Fauna, af Karl A. Gr6nwell 

[Danmark's geologiski Undersogelse, 11 Ra^kke Nr. 13, Kjobenhavn, 

1902.] 

This admirable and comprehensive essay gives an excellent review 
of the epitomized sections of the Cambrian terrane of the island of 
Bornholm in the Baltic sea. 

Previous to the issue of this publication, work had been done on 
the Cambrian of this island by Prof. F. Johnstrup and others, and 
the fauna obtained compared with those of localities in Sweden and 
Norway, but this work goes much more thoroughly into the treat- 
ment of the fauna in all its aspects than has hitherto been attempted. 

The collections are chiefly from two localities — Locsaa and Bor- 
regaard at Aa. When it is understood that the whole thickness of 
the Paradoxides at one of these localities is but little over 2 metres. 
and at the other not much over 3. it will be seen of how little bulk 
the Middle Cambrian is in southern Scandinavia. 

Mr. Gronwell was unable to find tlie full development iA the 
Paradoxides bed-^, as seen at Antlrarum in Sweden, on this i^lnnd. 
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and gives a more condensed view of the succession, condensing the 
six lower zones of Andrarum into one, that of Paradoxides tessini, 
but he divides this into three sub-zones, beginning with that of Con- 
ocoryphe exsulens. 

An interesting feature of these Bornholm sections is that while at 
one locality where the limestone of C, exsulens is present, at the other 
there is a bed of clay. Hence Mr. Groenwell assumes that this is a 
residual clay due to the decomposition of the limestone, and removal 
by solution of the lime. The fossils in the gray clay at Lsesaa show 
it to be of the same age as the limestone of Aa. At the base of 
the Exsulens limestone there was aj Bornholm an erosion, cutting out 
about 5 metres of measures, as known on the Swedish peninsula. 

The genus Agnostus is well represented in the Paradoxides beds 
of Bornholm, both as regards individuals and' the number of species, 
Mr. Groenwell describes twelve new species, or varieties of species, 
already known. 

Microdiscus is found in two forms, scanicus and eucentrus, the au- 
thor reduces the latter to a form or mutation of the former. 

Conocoryphe is quite fully treated and shown to contain four sub- 
genera: (i) Conocoryphe, Corda (s. str.), (2) Erinnys, Salter. (3) 
Ctenocephalus, Corda, and a new subgenus (4) Liocephalus, estab- 
lished to contain C. impressa Lnrs., C. lyelli Salt, and probably Hbl- 
ocephalina. Salt. [It seems doubtful if the last genus should go in 

its entirety to Conocoryphe, especially //. inflata]. Three new species 
afe described under this section. 

Paradoxides. Mr. Cronwell is inclined to think, P. hrachyrrachis 
Lxirs, a separate species from the Bohemian P. rugulosus, to which it 
has been referred. He finds a variety of P. sjogreni Lnrs, {nepos) 
of much later time than the typical form. 

Dorypyge, Dames, is represented in two new species of the Born- 
holm beds, which helps to give this genus a lower position than orig- 
inally determined by Dames, as one was found in the Exsulens lime- 
stone, and both below the Andrarum limestone. This is parallel to 
the conditions in eastern North America, where the genus is found 
in beds with or below the representative of Paradoxides tessini. [The 
occurrence of these early forms of the genus seems related to shallow 
water and rough shores.] 

Corynexochus has been found in good examples, including a new 
species, C. bornhomensis. Anomocare is represented by forms already 
described (by Angelin) and by a new one, A. angelini. Of Liostracus, 
two new species are described, and of Ptychoparia, one. Solenopleura 
has one new species, and Agraulos, one. [It seems questionable 
whether this form should be referred to Agraulos ; it might with equal 
propriety go to Anomocare.] A solitary ostracod and gasteropod give 
further rarity to the fauna. 

Comparisons arc made with Paradoxides beds in other parts of the 
world, as various parts of Scandinavia, Wales, Bohemia, North Amer- 
ica, China, &c A ver\' "ice distinction, only possible in .<5uch a region 
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as Scandinavia, where the Cambrian fossils have been so thoroughly 
worked out, is that between the district of S.W. and N.R Scandinavia, 
where not only were the physical changes to some extent, distinct but 
occurrence or absence of the subfaunas was consequent upon these 
differences. 

Four superb plates of figures, chiefly of the new species and forms, 
add to the interest aivi usefulness of the volume. With this book in 
hand of those of Linnarsson, Brogger, Wallerius and others, one is 
able to get a very satisfactory understanding of the Cambrian species 
of the Scandinavian peninsula and islands ; including many species 
of Angelin. upon which much obscurity rested owing to imperfect 
figures and very brief diagnoses of the species in the "Paleontoligica 
Scandinavica." 

An English summary of the contents is bound up with this book. 

G. F. M. 
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PkoKkssor 1"). K. W II. I, ART) of llic Xonnal sc1i<m>1 at Ma\- 
villc, X. Dak., has been appointed professor <>f ireol- ^\ at O^ 
state ap^ricullural C(>lle|Li:e at l'ar<::^o, .-ncces^nr to ( ". M. M:']!, 
lately deceased. 
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Dr. G. p. Merrill of the U. S. National Museum has 
been appointed expert special agent of the Census office in con- 
nection *with the collection of statistics relating to stone quar- 
ries. The appointment in no way affects Dr. Merrill's posi- 
tion as head curator of geology in the museum. 

Mr. H. W. Shimer has been appointed lecturer in Histor- 
ical Geology and Palaeontology at the Massachusetts Institute 
of Technology, Boston, for the remainder of the year. He 
succeeds Miss Elvira Wood who has gone to Washington, 
D. C, on the U. S. Survey as assistant to Mr. Walcott. 

Dr. James Furman Kemp, professor of geology in Co- 
lumbia University, delivered a lecture on "The discovery and 
development of mining districts," at Northwestern Univer- 
sity on Saturday evening, February 7th. The lecture was il- 
lustrated by lantern slides and was given under the auspices 
of the University Guild. 

Geological Society of Wasiiingtox. At the meeting 
of this society on Wednesday, February nth, the following 
program was presented: "Chitina copper deposits, Alaska/' 
W. C. Mendenhall ; "An anthracite coal-field, three and one-half 
hours west of Washington," David White; "The structure of 
a portion of South Mountain, Pennsylvania," George W. 
Stose; "Abandoned stream gaps in northern Washington," 
Geo. Otis Smith. 

The Clayton Stone Axe . This is another axe from- the 
loess, described by Dr. C. A. Peterson in Records of the Past 
for Januar}% 1903, found at Clayton, near St. Louis, in the 
construction of a belt railroad. It lay at the bottom of the 
loess, fifteen feet below the surface, and has the form and ap- 
pearance of a neolithic instrument. The loess at that point 
lies on a tenacious red clay which may be the analogue of the 
gcest underlying the loess at Lansing where the recent discov- 
ery was made of human remains. 

Thomas Crowder Chamberlin. On Saturday afternoon 
February 7th, a marble bust of professor Chamberlin was 
presented to the University of Chicago by a number of his 
geological friends and admirers, chief among whom was pro- 
fessor J. C. Branner of Stanford l^niversity. In the absence 
of professor Branner the presentation of the bust to the L^ni- 
versity was made by professor C. R. Van Hise of the L^ni- 
vcrsity of Wisconsin. A response was made by president 
William R. Hari>er of Chicago L'niversity, and remarks were 
made by Dr. H. Foster Bain and professor R. D. Salisbuiy. 
Letters were read from professor Samuel Calvin, Mr. Bailey 
Willis, professor H. L. Fairchild for the Geological Society of 
America, and Mr. S. F. Fmmons. 

The American Museum of Natural History of New 
York citv, has sent Dr. E. O. Hovev to the Lesser Antilles 
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again, to supplement the studies which he made last summer 
on Martinique and St. Vincent. Dr. Hovey left New York 
by the steamer "Cafibee" of the Quebec line on February 
4th, and will remain in the Windward and Leeward islands 
two months or more. After studying the changes which have 
taken place on Martinique and St. Vincent as a result of the 
great eruptions which have occurred since last July, he will 
visit all the other important volcanic islands of the chain to 
photograph their craters, solfataras and boiling lakes, with the 
idea of making his final report upon the eruption of 1902 in 
the West Indies comprehend the entire series of Caribbean 
volcanoes. He will make collections of volcanic rocks and 
other materials for the Museum. 

A New Division of the United States Geological 
Survey. A new division, to be known as the division of hy- 
drology, has recently been organized in the hydrographic 
branch of the United States Geological Survey. The work of 
this division will include the gathering and filing of well re- 
cords of all kinds, the study of artesian and other problems 
relating to underground waters, and the investigation of the 
stratigraphy of the water-bearing and associated rocks. In 
addition to the gathering of statistics relating to the flow, 
cost, etc., of the wells, it is hoped in the future to give espec- 
ial attention to the geologic features which govern or which 
are related in any way to the supply of water. 

The division will be subdivided into two sections, the 
eastern and the western, the first embracing the Gulf and 
Mississippi River states and the states of the cast, and the 
second embracing the remaining (** reclamation") states and 
territories, or those having public lands. The charge of each 
section has been assigned to a geologist, the western section to 
Mr. N. H. Darton, and the eastern to Mr. M. L. Fuller. The 
office details are in charge of Mr. Fuller. 

The sections will be still further subdivided so that each 
state or group of adjacent states shall constitute a distnct 
in which the work of collecting data and of investigating the 
problems relating to underground water will be in charge of a 
geologist employed for the purpose. 

In the western section it is exp)ected that the study of the 
geologic structure will be followed by the sinking of wells by 
the Survey, the aim being to test such of the arid or semi- 
arid regions as appear to jircsent conditions favorable for ar- 
tesian water, with a view to their ultimate development for 
agricultural pur])oses. 
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In the comparatively new states west of Minnesota, resi- 
dent geologists arc few. Many problems of theoretic and ec- 
onomic geolog}^ wait there to be worked out. The death of a 
young geologist, who was well equipped and earnest for this 
work, who had grown from boyhood to manhood in North 
Dakota, whom to know was to esteem and love, is therefore 
a great loss, not only to his personal friends, but to the wider 
interests of education and science. 

Charles ^lonroe Hall was born in Wellington, Ohio, Oc- 
tober 21, 1870. When he was about twelve years old, his ])ar- 
ents and the family removed to North Dakota (then a part of 
Dakota Territory), settling in Stutsman county, neai the pres- 
ent town of Eldridge. Later they removed to Grand Rapids, 
on the James river in La Moure county, where they erigaged 
several years in farming. In 1891 his parents removed to the 
state of Virginia, where they have since resided. Qiarles, 
however, preferred to remain in North Dakota, entered the 
State Agricultural College at Fargo, went through the usifal 
course of four years, and was graduated in 1895, with high 
honors. 

Immedialely after his graduation, he was appointed assist- 
ant i)r(>fessof of chemistry and geology in that college, where 
he tauglit (luring the next two years. To better qualify him- 
self for his duties there, he then obtained a leave of absence 
for a year of sjx^cial studies in Johns Hopkins L^niversity. 
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Frederick Bennett Wright, his room-mate during this year 
at Baltimore, writes: "In the autumn of 1897 Mr. Hall en- 
tered the graduate department of geology. His enthusiasm 
in the work, together with his attractive personal character- 
istics, soon won for him a genuine popularity within the cir- 
cle of geological professors and students among whom he had 
come. Although his interest in the work before him was gen- 
eral, he was more attracted by structural and physiographic 
subjects than by those of mineralogy and paleontology. His 
life at Fargo, in the old bed of lake Agassiz, naturally gave 
him a keen interest also in glacial geology. During his stay 
at Johns Hopkins, he worked for a short time on the Mary- 
land Geological Surv^ey, along the Potomac river. There his 
work was so thorough and satisfactory that he was offered a 
position in that state survey, for field work on the coastal 
plain the following summer. But his teaching and plans for 
field work in North Dakota were more attractive and caused 
him to return there. Personally he was very modest about his 
accomplishments, but yet had a sufficient sense of their im- 
portance to give him the confidence in himself necessary for 
success. I was greatly impressed with his broad views on all 
subjects, and his wide interest in general topics. We often 
had heated discussions, though perfectly friendly, which some- 
times lasted till after midnight, on all conceivable subjects, 
from geology, evolution, and theology, to music and art." 

Returning in the summer of 1898 to the Agricultural Col- 
lege of North Dakota, and being promoted to its professorship 
of geology. Hall was constantly engaged, through the remain- 
ing four and a half years of his life, in his duties as a college 
instructor, including frequent excursions with his classes, and 
in more exlensive examinations of distant parts of the state 
during vacations. 

In the suninier of 1900 he began a systematic investigation 
of the artesian wells and underground water resoiirct-s of 
North Dakota, through co-operation by the Agricultural Col- 
lege with the L'liited States Geological Survey. Prcviouslv 
also ho had aided professfM* j. E. Todd, during one or two 
snninKTs. on <imilar work in a part (if the janics river valley 
in South Dakota. 

ik'sides the hydrographic work, he l)egaii at the same time 
a siirvev of the soils of Ncn'th Dakota, hein^- associated with 
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F. H. Newell and Milton Whitney, of the U. S. Geological 
Survey, in their respective departments of hydrology and soil 
investigations. Manuscript reports and maps, notes of stream 
measurements, records of artesian wells, collections and an- 
alyses of soils, etc., relating to parts of these researches already 
completed or well advanced, had been forwarded to Wash- 
ington, but they still await publication. 

Professor Hall had presented some of the results of this 
work in a series of newspaper articles, concerning the water 
supply of Fargo, the artesian basin and wells of the Red river 
valley and westward, irrigation for the drier western parts 
of the state, and the capabilities of its different regions for 
agriculture and grazing, these articles being published in the 
Fargo Forum and Daily Republican, the Wahpcton Gazette, 
the Minneapolis Journal, and other newspapers, during the 
years 1900 to 1902. 

One of the most important of these contributions is en- 
titled "A Discussion of the Water Resources of Fargo and 
Vicinity, with special consideration of possible sources of 
water for a better supply for the city," which filled four col- 
umns of the Forum, June 24, 1902. It is accompanied with a 
section across the Red river valley, on the line of the Northern 
Pacific railway, and a map which shows the limit of the chief 
artesian basin, receiving water from the Dakota sandstone, 
and the smaller areas of the valley receiving usually scantier 
flows from the drift deposits. 

Within the last month before his death, he completed a 
manuscript for the supplement in a school geography to be 
published by the American Book Company, this supplement 
being a "Geography of North Dakota." 

Professor Hall represented his state through appointment 
by the governor, in the Tenth National Irripation Congress, 
held at Cc^lorado Spring?, October 6 to 9 of last year; and in 
the FarjT^o Foriim of November 22 he published a consider- 
able report of its proceedings, with earnest recommendation 
that North Dakota sliould take a larger share, m connection 
with the I'. S. geological and hydrographical surveys, for the 
development of irrigation. 

The latest and perhaps the most important work which 
professor Hall brought to coin])letion and publication, as print- 
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ed in December, 1902, is an "Official State Map and Prelimin- 
ary Geologic and Economic Map of North Dakota, issued by 
the Agricultural College Survey ... in co-operation with 
the U. S. Geological Survey ; approved by Frank White, Gov- 
ernor of North Dakota, and R. J. Turner, Commissioner of 
Agriculture and La]x)r." The scale of this map is seventeen 
miles to an inch. The western half of the state, and the Turtle 
mountains, are colored as Laramie clays and shales, with 
many outcrops and mines or openings of workable lignite. 
Thence eastward- the remainder of the state, excepting the area 
of the glacial lake Agassiz, is colored as glacial drift overly- 
ing the Montana shales of Upper Cretaceous age. Upon these 
colors the courses of the marginal n:ioraine belts are shown 
by another coU)r printing. On the eastern border is the part 
of lake Agassiz west of the Red river, with its large Sheyenne, 
Elk Valley, and Pembina deltas. The extreme limit of the 
glacial drift, and the boundaries of the Dakota artesian basin, 
are designated approximately. 

October 22y 1901, professor Hall was married to Miss 
Jessie E. 'J'aylor, of Fargo, and their life together was one of 
remarkable happiness and mutual helpfuhiess. They both 
were members of the First MethodivSt Episcopal church of 
Fargo, and of its choir. Professor Hall was also a member of 
the Masonic fraternity, the Knights Templar, and other social 
organizations. 

His last illness was diagnosed by physicians, half a year 
before he died, as probably to ])rove fatal within a year, or, 
at the longest, a few years. Yet he couragcou-sly continued 
his teaching and his plans for the state agricultural survey. 
One of his last pieces of work was to frame a legislative act 
giving to that ?>urvey, as aided by that of the United States, 
a distinct field not duplicating the work of the State Geolog- 
ical Survey, which is in progress luider the au^i)ices of the 
State Universitv and School of Mines of North Dakota, at 
Grand Forks. His work of instruction in the college was 
continued until only three davs before his death, which oc- 
curred at his home in T'argo the 22nd of January, 1903. Vov 
him is the divine promise. "Be thou faithful unto death, and I 
will give thee a crown of life." 
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PROFESSOR JAEKEL'S THESES ON THE MODE 

OF EXISTENCE OF ORTHOCERAS AND 

OTHER CEPHALOPODS. 

By Rudolf Rubdbmann, Albany, N. Y. 

Professor Otto Jaekel presented at the February (1902) 
meeting of the Deutsche Geologische Gesellechaft the follow- 
ing theses, which were discussed at the March meeting and at 
a special meeting in April.* 

"i. We should not conceive of the orthoceratites as free- 
swimming organisms, but, like the colularias, actually sessile 
in such a fashion that their chambered shell grew upward from 
a bell-shaped fixed embryo-chamber and throughout life re- 
tained flexible connection with this bv means of conchioline 
secretions. 

"2. The formation of septa and camerae served, as in corals, 
Hippurites and some sessile, erect gastropods, to lift the body 
above the sea bottom (growing upward by sedimentation), 
without necessitating an essential alteration of its form, and 
also to facilitate the upright posture of the shell and its animal 
on a relatively small base. 

"3. The siphonal cord then appears to be that portion of the 
body which is reduced by tlie formation of camerae. As com- 
pared with other animals bearing chambered shells its form- 
ation becomes intelligible by the fact that the body grows only 
secondarily from the original fixation or embryonal, chamber, 
and that the latter was hence an integral part of the original 
body. 

"4. The siphonal calcareous secretions (obstructive rings 
and cndosiphonal calcareous deposits in the lowermost part of 
the shell of the endoceratites) serve to ballast the body so as to 
counterbalance the formation of air chambers, which latter 
guarantee an upright position. 

''5. The invoUitc Xautiloidea in the restricted meaning, 
have discarded fixation, cither from the beginning or in later 
stages of their development. Their protoconch consisted of 
conch iolin and was therefore not capable of preservation. For 
this reason, it cannot be determined whether it was retained bv 

* Published in Zeitscbr. der Deutschen Gcol. Gcsellsch, 64 Bd., 1902, p. 67- 

101. 
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the animal on the shell or whether the chambered portion of 
the shell parted from the protoconch. Both cases are possible, 
the former more probable. I have seen its oval impression on 
the succeeding volution of a Nautilus barrandei from the al- 
pine Keuper. The first chamber of the Nautiloidea is hence 
not the protoconch, but the first air-chamber, which at the low- 
er end shows a scar for the passage of the siphunclc from the 
protoconch into the chambered portion of the shell like that 
in the orthoceratites. 

*'6. The semi-involute Nautiloidea, the cyrtoceratites in a 
broad sense, are not transitional types from the orthoceratites 
to the involute Nautiloidea, but regressive types of the latter. 
The involution* in every case presupposes a free state of the 
individual, hence at least an early detachment if not an absence 
of attachment. 

*y. The forms with contracted ostium or aperture, as 
Gomphocrras, Phrn$[}twceras, Tetramt^roceras ^ Hr.xameroceras, 
were probably imbedded in the silt with their entire shell and 
protruded only their arms and their funnel, which here as in 
other mollusks was a sipho, i.e. a breathing tube. 

"8. The ammonites and belemnitcs were tree from their 
inception, as they have retained their embryo-chamber in form 
of a calcareous ovoid bulb on thqjr chambered shells. 

"9. The rostrum of the belcmnites was not a rostrum, i e. 
a water-cutter, but a paxillus, a post to be driven into the 
ground; the belcmnites were hence not free and, as generally 
supposed, rapidly swimming, but were sedentary animals. 

'*io. The higher "Dibranchiatcs," the ink-fishes proper, 
have become crawlers or have acquired a retrograde swim- 
ming motion by means of the funnel. With the exception of 
the cuttle-fishes, which developed from the belcmnites and 
which, in Spirulirostra and Spirilla, show interesting regres- 
sive characters, the skeleton of the remaining dibranchiatos, is 
reduced either completely in the benthonic, essentially creeping 
octopods, or has, after complete obliteration of the ''rostrum," 
become a flexible axial support, which consists of cf)nclii«)]in 
and is comparable to the vertebral oohinin, in the sIcikIct 
Oigopsida? which became better swimmers and pi\sscss even 
paired terminal fins. 
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I beg to add the following theses on the relation of the 
cephalopod to the other mollusks: 

' "11. I consider as progenitors or as proseries of the 
cepbalopods, the conularias, in which the body form and shell 
secretion of the orthoceratites was inaugurated and the form- 
ation of four gills, which it would be difficult to derive from 
the body form of the cephalopods, was established. Lateral 
members of this prpseries we find in the Hyolithidae, which 
present in their incomplete formation of septa and the well 
developed formation of opercles, certain analogies to the ceph- 
alopods. (The aptychi are herein considered as cuticular 
calcifications of the hood, which in Nautilu3 serves for ex- 
ternal closure of the ostium,)" 

Professor Jaekel made some general remarks on the form 
and purpose of these theses from which we learn that the form 
in which they are presented is simply to invite discussion. This 
appeared necessary because the biological consideration of 
these extinct mollusks has gradually fallen too far behind their 
morphologic and systematic treatment, and it can be hardly dis- 
puted that with such aberrant types as the orthoceratites and 
belemnites an understanding of their organization can be at- 
tained only by thorough consideration of their mode of life. 
As the meaning of changes in organs can be ascertained only 
in a biologic way, and while the paleontologist has perpetually • 
to deal with processes of alteration, there is also in this field 
the necessity of the biologic mode. 

In explanation of theses i and 4, which refer to the organ- 
ization of the orthoceratites, we find the following remarks : 

"With the view hitherto current that the orthoceratites 
moved through the water like the slender squids of the pres- 
ent (Oigopsidae), that hence the apex of the orthoceracone was 
directed forward when in motion and served as a water-cutter, 
the following parts of their organization seem to me to be spec- 
ially at variance : 

*'a) The calcareous shell of the orthoceratites is much too 
thick and heavy for a pelagic habit, moreovor it is in some 
forms often loaded with special calcareous secretions. 

'1)) The external sculpture of the shell excludes the possi- 
Ijility that the latter could have been imbedded in the'flesh of 
the body ; hence active swimming organs could protrude only 
at the apertural end of the shell (ostium). 
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"c) The shell not only frequently shows a pronounced 
transverse sculpture, but it may even be provided with ring- 
like swellings (annulate forms). Both phenomena are irrecon- 
cilable with a rostral fuhction of the shell, as both would offer 
friction and resistance to the water pressure. 

'*d) The strictly symmetrical form of the shell contrasts 
sharply with the shells of the squids, nor does it, aside from 
its heaviness, find an analog in the shell form of the pteropods, 
w^hich also fail to display any such pronounced monaxial bi- 
lateral symmetry. 

*'e) The straight truncation of the ostial margin, together 
with the symmetrical form of the whole shell, excludes also 
the possibility that the orthoceratites were crawlers bearing 
their shells on their backs after the fashion of snails. 

*'On the other hand, the following facts argue, in my opin- 
ion, for the scssility of the orthoceratites : 

"a) The radially symmetric structure, which everywhere 
in the animal kingdom is characteristic of sessile fomis, ap- 
pears in the circular section, the straight truncation of the 
aperture of typical orthoceratites, the position of the three or 
fiwG submarginal impressions in the living chamber, the regu- 
lar growth in thickness and an occasional regular, radially 
symmetric arrangement of longitudinal ridges upon the sur- 
face, and can be readily explained only by conditions of static 
pressure during growth. 

''b) The shell is usually broken off at its lower end; which 
is an exceptional condition in externally similar gastropod shells 
such as Fusus, Turritella, Terebra or in the very slender shells 
of pteropods. Among the thousands of observed orthocera- 
concs initial chambers have become known in but a few forms. 
The apex is hence nearly always broken, a fact which indicates 
that it was held by an external force after the death of the 
animal. In those cases where the apex has been observed in 
well preserved state, it shows a scar which, like that at the 
first air chamber of the ammonites, apparently j)ermittcd to the 
sipho a connection with the contents of a protoC(.)iicli as yet 
unknown. 

**c) The agreement of the shell structure of the ortlKice- 
ratites with the conularias seems to me nnmistakablo. The 
latter show a radially symmetric structure: with them a trans- 
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verse sculpture predominates; among them the apex is com- 
monly broken off ; further their pronounced tetramery appears 
to me to throw light upon some hitherto unexplained facts of 
the organization of the cephalopods, such as the possession of 
four gills among the older cephalopods, a condition which, as 
is well known, is eventually lost in this class and yields to 
dibranchy; and further, upon the remarkable tetramerous cell 
division of the cephalopod embryos. While we have until 
lately, been without any clew to the mode of life of the con- 
ularias and from the external similarity of the shell with that 
of certain pteropods have inferred a pelagic habit for these 
organisms, Ruedemann in Albany, U. S., ha-s made a discov- 
ery, which is most interesting, though little noticed in liter- 
ature, namely a colony of young conularias fastened by a rel- 
atively large, Conically attached basal chamber to the sea bot- 
tom or to other objects. (R. Ruedemann. The discovery of a 
sessile Conularia 15th Ann. Rept. of the N. Y. State Geolo- 
gist. Preliminary partial reports in the American Geolo- 
gist, 1896, xvii, p. 158; xviii, p. 65.) 

"Proceeding from certain ideas stated by A. E. Verrill 
(Amer. Jour, of Science, 1896, v. 2. p. 80) Ruedemann has 
briefly expressed the opinion that the conularias might be the 
ancestors of the cephalopods. To the probable objection that, 
in distinction to the calci-testaceous cephalopods, the conular- 
ias possessed a chitinous skeleton, he points to Chrondro- 
phora with its chitinous skeleton and states in accordance with 
the views of Hyatt and others, that the initial chamber of var- 
ious nautiloids might have been chitinous. In regard to this 
I would remark, that, in my opinion, the shell of the conularias 
did not consist of chitin, but of conchiolin and hence was in 
principle like that of the molusks. Moreover, [as stated by 
Ruedemann,] we find in various phyla of the animal kingdom, 
as Anthozoa, Bryozoa, Brachiopoda, that so-called horny skel- 
etons precede the calcareous. 

"Ruedemann holds the view that the conularias were ses- 
sile only in their youth and later became free, or at least could 
quite likely be so. The acceptation of such a possibility seems 
to me to be essentially a concession to the old view concern- 
ing- these forms, and has probably not been confirmed since. 
Besides, this assumption would be opposed by nearly the same 
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considerations as the free mobility of the orthoceratites. But 
as here the fixation of younger individuals and of very differ- 
ent sizes, has been proved, and no fact in the shell structure of 
mature conularias points to other biologic relations, we are not 
only justified but bound to assume also a fixation of the ma- 
ture conularias until the contrary has been demonstrated. 
From the Upper Siluric of Ludlow in England (Lower Lud- 
low beds) I have collected a conularia having a hight of ca 
seventy cm. and hence surely to be considered as fully grown, 
and which, at its pointed end, shows, corresponding to some 
growth-stages figured by Ruedemann, such striking phenom- 
ena of bagging in its growth, that I believe I am justified in 
citing it as a direct argument for persisting sessility. 

"d) A transverse cameration of a shell, i.e. in its primitive 
form, an advancing in the shell by means of the formation of 
septa, is found without exception among sessile organisms,* 
not only as a typical character of certain groups of life forms, 
as the corals, Chstetidse Sphinctozoa, but also singly in other 
divisions and specially such as, in contrast to their relatives, 
combine attachment with vertical growth, such as Richthofenia 
among the brachiopods, Hippurites among the bivalves, Ver- 
mctus among the gastropods. Such cases as these make cam- 
eration appear as a result of vertical sessility and therefore al- 
low us to infer from such cameration, this sessile mode of life. 

"Under the fonner mode of construing the orthoceratites 
it would have been diffitult to cite any probable reason for the 
cameration. On the contrary it would be very strange if just 
that part of the shell had been rendered most fragile by the 
formation of air-chambers, if in swimming it would, as ros- 
trum, have had to possess the greatest power of resistance. 

"Of special moment is the consideration that the formation 
of air-chambers may have largely diminished the body weight 
of the orthoceratites and thereby have counterbalanced the 
pressure which otherwise would have rested upon the apex of 
the shell. The latter was thereby largely strained by an up- 
ward pull at the basal chamber and under these circumstances 
the structure could hardly have been more advantage- 

• "The chambered calcareous foraminifers can not here be used for biologric 
comparison, as all chambers are filled with protoplasm and CHmoration doe** 
not involve a separation of the animal from the posteriorlv situated cham- 
bers." 
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oils. For the fixation at one point allows a balancing move- 
ment in all directions and may be conceived to have been af- 
fected by vertically stretched ligaments, which, ring-like, em- 
brace the initial shell. The orthpgenetic* formation of the 
chambers exerts an increasing pull upon the chamber of at- 
tachment, and as a completed structure, by the law of accelera- 
tion, appears in successively earlier stages of the ontogeny, it 
is obvious that cameration finally led to detachment among a 
part of the forms. 

"e) The siphonal cord which has always been the most 
peculiar enigma in the cephalopod organization, has found 
very different interpretations, but none of these has been ac- 
cepted as wholly satisfactory. It can hardly be considered as 
an organ of fixation for the shell, because, on one hand the 
animal is held in the living chamber by a muscle of attach- 
ment, and on the other hand the siphuncle in Nautilus has by 
no means the histologic character of a ligament, and finally it 
would remain unintelligible why it then perforates the whole 
shell throughout lifetime and is not concentrated upon the last 
septal wall. 

'*If v/e now proceed from the idea that the chambered cep- 
halopod shell originated from a sessile protoconch, the forma- 
tion of the siphuncle appears at once in quite different light. The 
siphiincle is then nothing but a portion of the body restricted 
by the formation of the chambers. It becomes biologically 
analogous to the umbilical cord of the manwtals, more specially 
however to that portion of the pelmatozoans, ivhich is con- 
stricted by the stem joints, and these analogies appear also for 
that reason to be not without meaning, for various facts point 
to phylogenctic relations of these types. I will hereby exclude 
at once the supposition that I would derive the vertebrates 
from the cephalopods or pelmatozoans, on the contrary, in my 
opinion, some facts seem to argue for a derivation of the 
mollusks as well as of the echinoderms from higher types of 
the group of the episomatides by repression of development 
(O. Jaekel. Uber die Stammfomi der Wirbeltiere ; Sitz.-Ber. 
Ges. naturforsch. Freunde, Berlin, 1896, S. 116). 

"According to this view the siphonal cord would enclose 
a portion of the somatic cavity, which kept the embryonic body 

* O. JAKKKL. Ueber verschicdenc Wege phylogcnctischcr Bntwickltin£r. 
"Gust. Fischhk. Jena. 1002. 
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in connection with the definitive body. The analog}- with the 
crinoid stem extends further also on genetic and histologic 
relations. In both the tubes are wide in the older fonns and 
become more and more constricted in the later by expulsion of 
the intestines. ... In older crinoids with wide stems, the 
cord must have enclosed a considerable |X)rtion of the somatic 
cavitv and have been in connection with the root, but in later 
forms this whole portion has been reduced to a fibrous tissue 
that no longer shows distinct processes of differentiation and 
therefore has been differently interpreted iComp. Jaekel in 
Stammesgeschichte der Pelmatozoen, I, 1890, p. 77-79). 

'*\'ery similar are the special conditions of the formation 
of the siphuncle. In the older forms it is freqtiently very wide : 
with the later it is mostiv narrow, and it becomes finallv nidi- 
mentarv when the shell was never attached. 

**The remarkable expansions of the siphonal tube of or« 
thoceratites, which hitherto could not be accounted for, would 
now appear to find their explanation in the supposition, that a 
constriction of the air-chamber would increase the weight and 
thereby the stability of the shell upon the bottom. The siphon- 
al calcareous secretions would also have to be regarded as for 
the same purpose." 

Our space does not permit us to reproduce here the auth- 
or's explanatory remarks of his theses 5 and 6, but we con- 
sider the views presented on behalf of thesis 7 so suggestive 
that we cite them in part : 

**To thesis 7, referring to the contraction of the ostium of 
various nautiloids, as in Gomphoceras, Phragmoceras, Tetra- 
meroceras and Hexameroceras. I desire to add the following 
explanation : To begin with, it cannot l>e doubted that accord- 
ing to the current view the single median sinus [of the aper- 
ture] corresponds to the position of the funnel, and that the 
paired symmetric sinuses of the infolded upi>er shell-margin 
embraced the arm bases and that hence the mouth lay between 
them. These are the only fossil ammonoids which give some ' 
clew to the form of the cephalosoma and specially to the po- 
sition of the arms on the head, l)Ut which still have been little 
considered in this connection. The interest in these ostial 
forms is still hightencd by the fact that of nearly related t«)rm<. 
such as Tetrameroceras, Hexameroceras, < )ctoniep!Ceras, tlie 
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one possesses four, another six, the third eight, Phragmoceras 
and Gomphoceras however but two sinuses, which obviously 
denote separate arms. One conceives, now, the development 
of the arms usually thu-s; that in nautiloids numerous arms 
were present in indefinite number, and that the latter consol- 
idated in the younger types to ten (decapods) and to eight 
(octopods). It is however, according to the ontogenetic de- 
velopment of the arms of the living dibranchiates and the mor- 
phologic arrangement of the so-called head tentacles of Nau- 
tilus, much more probable that the latter are but evaginations 
of the arms, which quite likely do not correspond to the single 
arms of other cephalopods. 

"Hexameroceras osiliense shows on either side three arms 
sinuses which gradually increase in size upward from the fun- 
nel sinus. The figure presented by their arrangement may be 
directly compared with growth-stages of living dibranchiates. 
. . . While in the mature sepia the arms surround the mouth 
radially, their inception is a paired one with a distinct sym- 
metry, so that with the appearance of the last arms the mouth 
becomes surrounded and enclosed bv the circle of arms. Two 
pairs are developed first and these are soon followed by the 
third. These three pairs may also here be indicated and in the 
case cited may have flanked the mouth laterally. The encirc- 
ling of the mouth, which ontogenetically takes place at a late 
stage, had here not yet been accomplished. The circle is in- 
terrupted by a hood, partly overhanging the mouth as in Nau- 
tilus, in which however the formation of the arms has been spec- 
ialized in quite different direction from that of these Siluric 
types. In the oral ^view of Nautilus one sees what can 
not be learned from the current representation of the animal, 
namely that the mouth in the center is flanked on both sides 
by three leaf-like compressed arms, which are provided with 
muscular, contractile, transversely striated tentacles. . . 
.As to their ontogenetic succession of position we know un- 
fortunately nothing and one must consider the exterior and 
strongest as homologous to the first arm of the dibranchiates, 
the inner ones as the second and third pairs, which are more 
distant from the funnel. . . . We can not conclude that in 
these forms the funnel was, in contrast to Nautilus, open upon 
the oral side simply from the fact that [in Hexameroceras, 
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etc.] the shell parts approaching each other above the funnel 
leave a slit open between them. Its inception in all dibranch- 
iates argues for the secondary coalescence of the walls. There 
is on the whole little probability that a funnel like that of Nau- 
tilus was placed under this slit ; we will hardly be amiss if we 
locate the arms in the aperture which is directed aborally back- 
ward. The funnel in the typical form of a folded muscle-plate, 
as it is found persistently in Nautilus and embryonally in the 
dibranchiates, or in the specialized form of a distally circular, 
coalescent tube, as in the mature dibranchiates, presents prob- 
ably specialized conditions adapted to the peculiar mode of 
movement of free living cephalopods. I consider it probable 
that the arms of these older nautiloids were spread out blade- 
like and, as in Nautilus, provided with erectile tentacles. The 
contracted aperture of several ammonites appears so similar to 
that of the gomphoceratitcs, that one may at least infer blade- 
or spathe-like arms. . . . 

**The activity of these forms can hardly have been very 
great or comparable in any way to that of recent dibranchiates. 
The advanced closure of the shell suggests the balanides and 
lepadides, the bryozoans and various types of worms as scrpu- 
lites, and seems, therefore to suggest the probability that these 
for genera mentioned (Hexameroceras etc.) were sessile. The 
manner in which the shell conformed itself to the arm-bases 
appears most easily explained as a special provision for pre- 
venting an intrusion of foreign bodies between mantle and 
shell. This fact, pointing to a strong dependence upon the 
bottom, together with the bilaterally symmetric form of the 
shell, has led me to the supposition that these animals lay im- 
bedded vertically (hence symmetrically) in the bottom of the 
sea and spread out their arms upon it. The strong projection 
of the funncl-sinus would also be explained by this supposition, 
as it then would have had to exercise the function of a real 
siphuncle. To colleagues, to whom this explanation may ap- 
pear strange and bold, I wish to p<.">int out that some Spatan- 
gid?e lie buried about a foot deep in the sea bottom, protrude 
their long tentacles through a tube, and through another dis- 
charge, by energetic water current, the contents of their intes- 
tine. Here one has, therefore, quite analogous conditions, 
which would have hardly been expected from an echinid. 
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"It also seems important to me to recall here the fact that 
not only the living octopods, but also decapods like Sepia, hide 
in manifold ways upon or in the bottom, either by piling 
up stones and other foreign bodies upon them, or by stirring 
up with their fins so much sand that their back becomes entire- 
ly hidden. From such conditions to the supposed mode of ex- 
istence of the phragmoceratites, there seems to me only a short 
step. The firm attachment of Spirilla at the bottom will, in 
this connection, find an explanation as a phenomenon of re- 
gression." 

We omit here the remarks upon theses 8-10, interesting as 
they may be, as they refer to belemnites and younger dibranch- 
iates, and are somewhat remote from the major propositions 
of the author. 

The discussion which followed professor JaekeKs remarks 
was, judging from the record, both animated and instructive. 
Space forbids me to give more than meagre notes of the argu- 
ments and objections made. Professor Branco pointed out 
that orthoceratites, belemnites and gomphoceratites are never 
found in a vertical or erect position, while professor Beus- 
hausen mentioned the occurrence of long orthoceratites in 
vertical position in the Oneonta sandstone of New York, an 
occurrence made known by professor Clarke. (N. Y. Scate 
Mus. bull. No. 39, 1900, pp. 167-171.) Others found it diffi- 
cult to understand how endoceratites often several meters long 
could have been supported upon a delicate apex and that the 
bases had never been found in sediments, such as clay, where 
all. firm tissues are as a rule excellently preserved. These 
arguments were met by the declaration, that firm ligaments 
held the lower part of the shell upon the basis, that the vertical 
])(>sition of the shell was essentially effected by the air cham- 
bers and that tne latter, after the death of the animal and the 
decay of the basal tissues mav have drawn the shells awav 
from the bases. 

Specially interesting were the remarks of professor v. Mar- 
tens, whose experience as biologist enabled him to illuminate 
from various sides the problem of the mode of existence of 
Orthoceras. V. Martens agrees with Jaekel in that the ortho- 
ceratites were not free-swimming or pelagic animals, as these 
have all extremely thin, fragile shells and are, in all classes of 
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the animal kingdom, bilateral, like a ship. If Orthoceras lived 
at the bottom it could have moved along as Sepia does, — the 
long conical shell is no proof of the contrary, as such gastro- 
pods as Cerithium and Turritella demonstrate. But it must 
then have had strong motive organs, directed toward the bot- 
tom, and if the shell was external, one would not expect to 
find an apcrtural plane vertical to the axis of the shell as in 
'Orthoceras, but inclining toward the ventral side of the ani- 
mal, as in the gastropods mentioned ; if the shell w-ere whol- 
ly internal, or at least on its anterior part, then it w'ould, as 
in Sepia, adapt itself to the bilateral form of the animal, w^hich 
in it^ turn adapts it'^elf to the surface, of the sea bottom. A 
conical, cylindrical or sack-shaped body with decided difiFer- 
entiation of both ends and uniformity in circumference is the 
characteristic form for animals of little motion, in which the 
upper and anterior ends are identical, i.e. for sessile forms, 
as certain infusorians, corals, crinoids, ascidians and cirripeds. 
A decided approach to this body form is, among the living 
cephalopods, found in Octopus, w^hich i)refcrs to sit in cavities 
of the rocky bottom and to extend thence his arms in all di- 
rcctions in search of prey. Mr. v. Martens stated further that 
the strong development of the calcareous shell in Orthoceras 
certainly argued for a very early sessility in ihe development 
of the young Orthoceras. The base of attachment may, as in 
Fungidtne and oysters, have been a very small stone or snail 
shell ; the smallness of which may liave forced the older ortho- 
ceratite to effect its static supjxjrt by sinking its lower end into 
the soft mud. 

Finally it was pointerl out by the same investigator that 
one must not be afraid to assume witliin a class of quite uni- 
form internal organization, a very great variety in the exterior 
mode of existence; the great difference in the external appear- 
ance indicates this di-stinctlv, and it is actually found in manv 
classes of animals, as among the gastropods, which are most 
closely related to the cephalojKxls, and also among the laniel- 
hbranchs. 

Wc hope that the^e theses will be taken as such by Ameri- 
can paleontologists, i.e. as challenges to a discussion (^f the 
biologic relations of the grou])s inyolyccl : an<l of ihc ortliocer- 
atites in particular. There i> no doubt that sucli a discussion 
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will aid in rendering our conception of these forms more con- 
rise by bringing out observations stored up in the notes of in- 
vestigators. With this purpose this translation has been pre- 
pared and the present writer desires to add a few annotations 
to these significant contentions. 

It has been asserted on various excellent grounds that life 
originated in the coastal regions with benthonic forms; that 
slowly creeping organisms preceded the planktonic and 
nektonic forms in the lower phyla of the animal kingdom. 
This principle may. in its totality, be well applied to the 
Cephalopoda, for here all " the living forms are mostly 
rapid movers in contrast to the evidently sluggish forms 
with heavy shells, belonging to the early geologic per- 
iods. In the Mesozoic we find the ammonoids, which for good 
reason, are now considered as bottom crawlers ; and as we go 
back in time in the paleozoic we find the coiled foniis largely 
replaced by the orthoceracones. Notwithstanding the fact that 
Barrande demonstrated that the whole series of forms from 
the straight to the involute nautiloids was present in the earliest 
period, and the declaration of Jaekel (in explanation of thesis 
6) that the slightly curved forms are not transitional between* 
the involute nautiloids and the orthoceracones, but are types 
of repression of development of the former, and that, further, 
the majority of these faintly involute forms do not appear until 
Upper Siluric and Devonic time, it can be statistically estab- / 
li'shed, as Hyatt affirms, *'that the straight cones predominate 
in the Silurian and earlier periods ; while the loosely coiled are 
much less numerous, and the close coiled and involute, though 
present, are also rare." We cite here Hyatt's lucid exposition 
of those facts (Phylogeny of an Acquired Characteristic, p. 
366) : 

'*But suppose we reverse the course of nature and follow 
back the diminishing number of nautilian and gyroceran shells. 
We then see, upon arriving at the Silurian, that the vanishing 
point of these shells, although not traceable on account of the 
lost records of Protozoic time, could not have been far distant, 
while the increasing number and varied forms of the straight 
cones indicates for them a more remote focus in time and con- 
sef|uently a more ancient origin. Thus we are able to see that, 
antecedent to the Silurian, in the Protozoic, there must have 
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been a time when the straight cones or their immediate an- 
cestors predominated, to the exclusion of the coiled and per- 
haps even of the arcuate types." 

If now the orthoceratites were actually the earliest cephal- 
opods we may, by application of the general principle regard- 
ing the origin of life, mentioned above, infer that they were 
certainly not free swimming forms, but either sluggish crawl- 
ers or wholly sessile. As the structure of their shells would 
seem to exclude the crawling habit, the sessile would remain 
by exclusion. 

On the other hand, it can not be denied that facts present 
themselves which do not corroborate the theory of the sessile 
mode of life of Orthoceras. It becomes evident from Jaekel's 
remarks and explanations that the presence of * 'air-chambers'* 
is considered necessary to relieve the apex of the shell from 
the weight of the shell and animal by the upward pressure 
of the contained air. The current view is thereby retained that 
the chambers of the cephalopod shells were "air-chambers " 
This view seems, however, by no means established, for Verrill 
(sec Zittel- Eastman. Text book of Palentology, p. 508) stites 
that the chambers of Nautilus stand by way of the siphuncle 
and pericardium in direct connection with the gill cavity, and 
adds : **Thus sea-water can readily pass into or out from the 
chambers of the shell, to equalize pressure at varying depths, 
as in most marine Mollusca. These chambers are unquestion- 
ably filled with fluid under normal conditions. But living as 
the animal does under pressure at considerable depths, the fluid 
in the chambers is saturated with the gases in solution. When 
the Nautilus is rapidly brought to die surface, some of the gas 
is liberated in consccjuciice of diminished pressure, and must 
occupy part of the space within the chambers by forcing out 
some of the fluid. Hence the shell will float until the free gases 
within the chambers are absorbed or otherwise eliminated. 
There is no evidence that free gases are ever naturally present 
in the living chambers during life." 

If the living Nautilus has its chambers filled with water, 
the inference is that the extinct cephalopods had it likewise. 
Hyatt has therefore properly proposed the non-committal term 
"camerae" for the compartments of the cq^alopod shell. The 
fact of the filling of the chambers mtli.in|i|UHMyd^l^^ 
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considerably alter the conditions of static pressure of the orth- 
oceran shell. The calcareous siphonal excretions would then 
have hardly been intended to counterbalance the upward pull 
of the air-chambers and to furnish stability to the conch, they 
would rather appear to have increased the evil of pressure 
upon the apex. 

Of tspecial interest in this connection is the endoceratite, 
Nanno aulema Clarke, from the Trenton of Minnesota (Geol. 
Surv. Minn. v. 3, pt. 2; Pal. p. 770). This cephalopod had a 
wide proseptal siphonal cone, which is filled with solid lime- 
stone, a modification of the original organic deposit. This 
solid, heavy apical cone was " unquestionably, *' as Clarke as- 
serts, "external except so far as ensheathed by a mere coat- 
ing or film of the shell-tube." The chambered portion of the 
shell includes only a few relatively small chambers. This 
animal must have undoubtedly lived like the belemnites, and 
the apical cone must be functionally analogous to the rostrum 
of the latter. In regard to the belemnites it is claimed by 
Plyatt and still more definitely by Jaekel, that they buried 
them«selves in the mud and used the rostrum as a post, "pax- 
illus," as Jaekel terms it, to secure themselves in the soft 
ground. We have then in Nanno an orthoceratite of which 
we can claim that it followed' the same praxis. This, how- 
ever, gives us a hint as to the use of the heavy deposits in the 
siphuncle of the other endoceratites, as well as of Actinoceras, 
Homioceras and the groups of species of Orthoceras, occur- 
ring in the Devonic Schoharie grit of New York. The most 
typical of these Schoharie grit species, Orthoceras luxum, prav- 
um and oppletum frequently have their entire chambers solidly 
filled with organic deposits as examination of the plates of the 
New York Paleontology, v. 5, pt. 2, (f. i. pi. 81) will readily 
show. It is a very suggestive fact that this Schoharie grit is 
a sediment consisting of quartz sand in a limestone matrix, 
which by its composition and enclosed fauna indicates deposi- 
tion in the littoral zone and in disturbed waters. It seems prob- 
able that these orthoceratites used the weight of their shells 
to anchor themselves in the sand and thus prevent their being 
torn from their moorings. But if these orthoceratites buried 
themselves in the ground, it is very probable that all the others 
did the same. 
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In this connection, it is still further to be considered 
that endoceratites of the Trenton attained a length of six- 
teen feet or more. While it is already difficult to under- 
stand how these giants could have balanced themselves upon 
their apex, it would appear still more unintelligible that they 
should have striven to raise themselves so high above the sea 
bottom when their recent descendants find it so much more 
advantageous to lie low in the mud and to prey upon the much 
richer fauna of the vagile benthos. Besides, in the Trenton 
period, the fish-fauna was certamly small and the majority of 
all organisms, which we have from that period, were still bot- 
tom-crawlers. These considerations suggest to me the sup- 
position, that the orthoconic ccphalopods may have fixed 
themselves only in their youth to small (>l)jects, to gain a foot- 
hold, as i)rofessor v. Martens suggested, but later on may 
have allowed themselves to sink, or actively worked themselves 
into the ooze and perhaps also may have piled sediments 
around them, in order to gain steadiness and to hide them- 
selves. The cKcurrence of mimerous upright orthoceratites in 
the Oneonta beds of New York also mentioned in the discus- 
sion of the theses, may serve to support this view, in case it 
can be proved that the orthoceratites were killed in situ by an 
inflow of fresh water, as is indicated by the presence of Am- 
nigenias. 

The objection that no other orthoceratites, with the excep- 
tion of those just mentioned, are found in vertical position in 
the sediments, is probably to be met by the observation that 
the shells of the recent Nautilus, which is a bottom-crawler, 
and even those of the Spirula which lives sessile at considerable 
depth, rise after the death of the animals to the surface and 
become pseudo-planktonic, a fact fully established by Walther 
(Zeitschrift der Deut'Sch. Geol. Gesellsch., i8c)7, 49:258). The 
cause of this phenomenon, if the chamber during life time of 
the animal were filled with water, is not quite apparent, but 
l)erhaps is to be sought in the decay of the organic tissues j 
and it is to be inferred that the same took place with the ex- 
tinct cephalopods and to some extent also with the shells of 
Orthoceras. The writer has seen exposed near Valcour. Lake 
Champlain, on large surfaces of Beekmantown limestone, which 
were clearly shore-deposits of ^^^JMM^i&e tangled growth 
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of sea- weeds, between which run, in approximately east- west- 
erly direction, narrow tide channels filled with black mud and a 
rich mass of gastropods and large straight cephalopod shells, 
The latter lay parallel to the direction of the channel and were 
clearly wedged in or drifted in together with the gastropods, 
which often lay piled up behind the Orthoceras shells. 

There is further to be accounted for the existence of forms 
like Orthoceras truncatus Miinster. This was in the habit of 
regularly breaking off the cone of its shell and then mending 
the mutilated apex with a plug. It can not have been sessile, 
but as the crawling, more or less involute forms are supposed 
to have developed from the sessile orthoccratites it must be 
conceded that these truncate orthoccratites were possibly forms 
which had finally taken the step of detaching themselves but 
instead of rolling up, discarded the unwieldy cones. The slight- 
ly curved Oncoceratites probably stand in close connection to 
these forms and are the result of further adaptation to the 
crawling mode of life. At the same time appears the fact that 
these sj>ecies preferred to discard entirely the greater part of 
the conch instead of rolling.it up; to argue for the supposition 
that the camerse were of little or in fact of no use as hydro- 
static apparatus and indeed but a hindrance to movement. 

Our supposition that the orthoccratites may probably have 
planted themselves in the oceanic deposits, does not appear to 
agree well with JaekeKs conclusion that this was the mode of 
existence of nautiloids with contracted apertures as Gomphoc- 
eras and Phragmoceras, as the latter with their breviconic, 
rapidly expanding cones would seem to have adapted them- 
selves to an entirely different habit of life as the orthoccratites. 
But it is here to be considered that the breviconic fonn of the 
shells may well have been the result of further complication of 
their structure as Dr. Clarke suggested to me, namejy of the 
contraction of the aperture, which invited a lateral expansion 
of the animal, thus producing low and broad living chambers 
and cameras. Furthermore the broad low shell of these forms 
is obviously well adapted to squatting upon Hie sea bottom. 
From the contraction of the aperture and the resulting con- 
striction of the arm-bases, Hyatt concludes that the arms could 
not have been powerful enough in these forms for a crawling 
habit and that they hence were cither sessile or swimming. 
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The strong constriction of the aperture, which points to forms 
like Lepadidae and Balanidae, combats the latter possibilicy. 
Sessility remains then alone the alternative. In regard to this 
habit I would like to add that our considerable New York 
fauna suggests the occurrence of two different methods of ses- 
sility of these organisms. We have, on one hand the rather 
large turbinate types of Gomphoceras, which find their princi- 
pal development in the Schoharie grit, Hamilton shale and also 
in the Goniatite limestone. These clearly give the impression 
of having been planted vertically in the mud with their 
apical portions, the expanded portion resting on the surface 
of the bottom. On the other hand, however, we have lately be- 
come acquainted with a relatively rich fauna of small, slightly 
curved, in general talon-like types of Poterioceras in the 
Guelph beds of New York, and similar forms are known from 
the Chazy and Trenton limestones. These are obtained from 
beds which are coralligcnous. They are characterized by their 
relatively small size, their tendency to assume curved and bi- 
lateral symmetric shape, and above all, the fact of their fre- 
quently discarding or losing the greater part of the conch, so 
that only a few of the last camerse are found adhering to the 
living chamber. Tliese peculiarities appear to point to a differ- 
ent mode of life and, in connection with their occurrence in the 
coralligcnous beds, suggest that they may have lived in the 
cavities of the reefs themselves, just as living cephalopods hide 
themselves in rockv caves. 

ANNOTATIONS. 

By John M. Clakkk. 

Essential to professor Jaekers conception of fixation in 
Orthoceras, seems to be the assumption of a eonchiolin proto- 
conch. The existence of this structure in such form can not 
be regarded as demonstrated. Professor Hyatt was not pre- 
pared even after a close study of the putative calcified Orthoc- 
eras protoconch described by the writer, to grant that it aj^pcr- 
tained to that genus. Confirmator}' evidence was at that time 
lacking, — it was the only recorded instance of an Orthoccras- 
like shell in which the ])rot(Konch was retained, and the object 
could not be gcncrically interpreted from its intrinsic cliar- 
acters. The i)resumption, in view of the exanij)les brciiciht 



Jaekel on Orthoceras, — Ruedemann, 217 

forward by Barrande and Hyatt in which only a cicatrix was 
shown, was against its orthoccran character. The writer's in- 
terpretation of it, however, finds corroboration now in the 
recent discovery by Pocta of many young orthoceran shells 
bearing calcified protoconchs. Whether we regard the genus 
Bactritcs as nautiloid or ammonoid, it is a longicone like Or- 
thoceras and that it had a well developed, fully calcified pro- 
toconch, has been abundantly shown (Branco, the writer), in- 
deed specimens with protoconch attached are no longer uncom- 
mon occurrences. Whatever mode of life is postulated of Or- 
thoceras must be equally true of Bactritcs and it is clear that 
the latter could never have been fixed at its apex. A calcified 
protoconch at once demolishes the strange structure with which 
Jaekel would prop up the Orthoceras. I am disposed to be- 
lieve there is reason to infer that while in early and primitive 
forms of Orthoceras the protoconch may have been wholly of 
conchiolin, in later foniTs, through acceleration or other causes, 
calcification might have set in at an initial stage. The suggestion 
that Orthoceras buried itself vertically in the mud, impresses 
me as intelligible and helpful; that it was affixed at the sea- 
bottom seems unessential and unlikelv. 

As the occurrence of vertical Orthoceras in the Oneonta 
sandstone at Oxford, N. Y., which has been twice referred to 
in the foregoing, constitutes the only observed illustration of 
the presumed normal attitude of these shells, I may say that 
the interpretation suggested by Dr. Ruedemann is in approx- 
imate agreement with the other conditions wherewith the 
occurrence is involved. These bodies are highly abundant in 
a certain stratum, which lies at the outer edge of a Devonic 
fresh or brackish water lagoon where, land drainage was re- 
ceived in great quantity. An excessive outflow at time of 
freshet, carrying the fresh waters beyond their proper bound- 
ary, probably would have killed outright a settlement of Or- 
thoceras buried in the littoral muds without, and have washed 
into close proximity to them remains of Amnigenia and terres- 
trial plants such as characterize the true Oneonta deposits. 
Whether such an outflow could have swept away from the 
()rtli()ccras settlement all mobile forms of marine life may be 
a (lucstion for determination, but it is true that as yet no other 
trace of marine life has been found in this bed. 
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THE CENTRAL OHIO NATURAL GAS FIELDS.* 

By J. A. BOWNOCKBR, Columbufi^ O. 
PLATE XIV. 

Introduction. 

Four fairly distinct reservoirs of gas have been discovered 
in central Ohio. Geographically, however, they are closely re- 
lated, and the same is true geologically, and for these reasons 
all will be considered together. In other words the several 
reservoirs will be regarded merely as parts of one large field. 

Locations and Areas. 

At the present time the gas fields consist of two parts, one 
known as Sugar Grove, and the other as Homer. Between 
these, two additional reservoirs have been discovered, but both 
have long been exhausted ; one lay at Thurston, Fairfield 
county, and the other around Newark, Licking county. 

By far the most important reservoir is in Fairfield ind 
Hocking counties and is known as tjie Sugar Grove. It in- 
cludes parts of the following townships in Fairfield, — Berne, 
Pleasant, Rush Creek and ^ladison, but in the last two, how- 
ever, very few wells are found. In Hocking county lying 
south of Fairfield, the producing territory includes parts of 
Good Hope, Laurel, and Marion townships. The length of 
this field as developed in 1902 was sixteen miles, and the max- 
imum widtli eleven miles. The longer axis extends north and 
south. 

The Homer field, as developed in 1902, included parts of 
Burlington. r>ennington, Washington and McKean townsb-ps. 
Licking county; and Milford, Miller and Morgan townships. 
Knox county. 

Lying between these two reservoirs were those at Thurston 
and Newark, but as alreadv stated both have been abandoned. 
By reference to the map accompanying this article it will be 
seen that the several tracts named form parts of a belt extend- 
ing north and south. The length of this is about sixty miles. 

History and Development. 

No other event in the historv of Ohio has so stimulated tlie 
search for underground wealth as did the discovery of natural 

♦ Published by permission of Edward Orton, Jr.. State Geologist. 
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gas at Findlay in 1884. From that as a center drilling has 
radiated in all directions until every county in the state has 
been tested; in some the wells mav be counted bv scores* in 
others bv hundreds, and in a few bv thousands. From the 
areal standpoint these tests have in the main produced neg- 
ative results only, and yet they form the basis of one of the 
state's principal sources of wealth. The Findlay discovery 
was followed a vear later bv that of oil in the Trenton lime- 
stone, and in 1887 by natural gas at Lancaster. 

The first step towards testing the rocks in the vicinity of 
the town just named was taken in December, 1885, when the 
Lancaster Natural Gas Company was organized. In the fol- 
lowing May the first well was begun, the objective stratum 
being the Trenton limestone. On February ist of the ensuing 
year (1887) gas was found at a depth of 1957 feet; and 
though the well was sipall, the mere presence of the desired 
fuel was sufficient to secure further tests. Two additional 
wells were drilled that year in the same general vicinity, and 
with similar results. Preparations were at once made to pipe 
the town ; and the new fuel finding immediate favor, the com- 
pany was not able to meet the demands, owing principalh to 
the expense of laying the necessary mains. 

All the wells drilled thus far were small, so that the out- 
look for the territory was not bright. In fact during the winter 
of 1888-9 the supply had so far decreased that it did not meet 
the moderate demands then existing. The situation changed 
suddenly, however, in February, 1889, when a new well, **The 
Mithoff'' was completed. This had an open flow of 12,000,000 
cubic feet per day, changing at once the character of the ter- 
ritory. Another famous wcH was completed that year. It was 
located on the county fair grounds and had an initial open flow 
of 10.000,000 cubic feet per day. A line from this well was 
laid around the race track that fall and *T>y this means the 
track was lighted up at night as never was race track lighted , 
l)ef()rc, and the trials of speed went forward under this wanton 
iiliiniination. The idea was novel and the scene unique and 
brilliant, but the waste was barbaric all the same.*'* 

In the spring of 1888 the city, by authority of the Legisla- 
ture. l)r)utrlit the existing natural gas j)lant, extended the mains, 
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drilled new wells, and in other ways prepared' to profit by the 
discovery which the enterprise of a few citizens had made pos- 
sible. The next thing was to find a market for the new fuel, 
and "the strange folly that seems bound up in a municipal cor- 
poration w^hen it obtains a good supply of gas, that it must find 
some one who can use the fuel up in the largest way and most 
rapidly to whom to give it, without money and without price 
broke out also in Lancaster. An ill-omened arch bearing the 
illumined inscription *Free gas to manufacturers' spans the 
main street of the town at the railroad crossing."'"' The efforts 
of the city to secure factories through the offer of free gas 
were not successful as they had been in northwestern Ohio, 
and consequently Lancaster did not experience the boom that 
Findlay and adjacent places enjoyed. The results, however, 
were good, the city being better in every material way than 
before the discovery. 

Newark was another of the towns stimulated by the work 
at Findlay. The first well, drilled probably in 1885, did not 
reach the Lancaster gas rock, but in October of the following 
year another well was begun \vhich after considerable delay 
reached the gas rock, the depth being 2385 feet. A small flow 
only of gas was found, but it was sufficient to secure further 
exploration. Accordingly the third well was soon completed 
but with similar results. Other wells followed in 'quick suc- 
cession, and by 1889 the sui)ply was regarded sufficient to 
warrant piping the town. The wells, however, were small, 
the best producing only about 1,000,000 cubic feet per »lay, 
and in the winter of 1889-90 the supply was not adequate to 
meet the demands. •^ An effort was made to meet the difficuHy 
by drilling new wells, but this was only partially successful. 
The Newark reservoir cannot be regarded as having contrib- 
uted notably to the fuel supply of the state. 

Jn the spring of 1888 a well was drilled at the village of 
Thurston, which lies between Lancaster and Newark, the re- 
sult being a small producer of gas. The second well located 
one mile farther east, had an initial ])n^ducti<)n of 7,000,000 
cubic feet in twenty-four hours and a rock j^ressure of 700 
j)Oun(ls to the square inch. This started the oxriltiiuMil. and 

• //)/</, p. 'J'M\. 
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by the summer of 1889 sufficient gas had been secured to war- 
rant laying a line to Columbus. Rapid progress was made so 
that in January, 1890, that city was enjoying natural gas for 
the first time. The supply decreased so rapidly, however, that 
by the ensuing November the company was compelled to dis- 
continue furnishing the fuel to factories, and by January 15th, 
1891, to cut off the city entirely. After that date very little gas 
was taken from the Thurston field. The number of wells 
drilled in the vicinity of that village numbered nearly thirty. 
The short life of this reservoir resulted from the small, area 
and the heavy demands made on it. The quantity of gas con- 
tained in any rock is limited, and the duration of the supply 
is determined by the demand; double the latter and the life of 
the field is cut in two. The length of the territory was three 
and one-half miles, and the width one-half mile. 

Tn February, 1891, a well was completed on the Zink fami, 
about two miles north of Lancaster, and a production of 6,- 
000,000 cubic feet of gas per day secured. Naturally other 
wells were soon begun, and nearly all were successes. In May, 
1891, the volume secured was such that Columbus was again 
supplied, and since that date the city has enjoyed an uninter- 
rupted supply of the finest fuel in the world. . 

The next step in the development of the Central Ohio fields 
was taken September 3, 1893, when a well was completed on 
the Mcesbarger farm about three miles northeast of Sugar 
Grove. This was a large producer, and the energy of the dril- 
ler was at once turned to that territory. Work has been con- 
tinuous from that date, with the result that the producing ter- 
ritory has been extended into four townships in Fairfield 
county and three in Hocking. At first the fuel was supplied 
to nearby towns, such as Logan and Lancaster, but as the ter- 
ritory was developed and its wealth disclosed, other corpor- 
ations entered the field and the fuel was piped to more distant 
places. In this way the demands have become enormous. 
Imvc large companies and three smaller ones are shipping the 
fuel as fast as it can be secured. Tlie territory supplied is well 
ilhistratcd by naming the cities and the towns that are the 
])riiicipal consumers : in northern and northwestern Ohio there 
is Tolcclo. i*>o\vling Green. Fostoria, Fremont, Clyde, Rellevile, 
Xorwalk. Chicago Junction, Carey, I'pper Sandusky, Tiffin, 
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Bucyrus, Marion, Mt. Gilead, Mansfield, Galion, Crestline, 
Shelby, and Ashland ; in the central part of the state, Columbus, 
Delaware, Westerville, Newark, Mt. Vernon, Zanesville, Lan- 
caster, and Circleville; in the southern and southeastern parts, 
Logan, Nelsonville, Athens, and Chillicothe; in western Ohio, 
Dayton, Springfield, Urbana, Piqua, Troy, and Sidney. 

The original rock pressure of this field was about 900 
pounds to the square inch, but under the heavy calls made the 
pressure has become much less. This however varies from 
placf to place; in the fall of 1902 it had decreased to 100 
pounds around Sugar Grove, but at other points it was larger, 
rising occasionally to 600 pounds. This low pressure was not 
sufficient to drive the gas through the lines to distant points, 
and in 1900 the companies began the construction of powerful 
compressors. Later midway stations were built, so at the pres- 
ent time the rock pressure is strongly re-enforced, and in this 
manner the lines are. kept filled. Probably the largest well in 
this territory had an initial open flow at the rate of 12,000,000 
cubic feet per day ; but at the present time wells of one-third 
that size are looked upon with much satisfaction. Persons 
familiar with the field estimated that the average quantity of 
gas per well put into the lines in 1902 was a])out 250,000 cubic 
feet per day. Jt is safe to say that during the year just 
mentioned at least 60,000,000 cubic feet of gas have been tal.en 
on the average from the Sugar Grove field every twenty-four 
hours. This territory has already passed the zenith, and unless 
extensions are found its production will decrease rapidly. 

One more paragraph and the historical side of this question 
will be brought to a close. In July, 1900, a well was completed 
near the village of Homer in tlie northern part of Licking 
county, and began producing about 1.500,000 cubic feet of gas 
per day. Other wells were drilled within the following year, 
and with similar results. Late in the nutumn of 1901 and e irly 
in 1902 larger producers were secured, and consequently (hir- 
ing the latter year W(>rk was very active. Nearly all the wlls 
were successes, and ranged in size from about i.ooo.ooc^ to 
4,000,000 cubic feet ]xt day. the r(Kk pressure varying ordin- 
arily from 700 to 800 pounds i)er Sfjuare inch. The jL;reator 
mnuber of these were in lUirlington tnwnshi]). Licking county. 

Early in the fall oi I(;oj a well wa^ c<'nii)]i'tc(l on the 
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Hunter farm in section six of Miller township, Knox county. 
This had an initial open flow of between 11,000,000 and 12,000.- 
000 cubic feet per day. In December following a well was 
completed on the Miller farm located on tlie northern part of 
the same section, the result being a 9,000,000 cubic foot well. 
Early in January, 1903, a well was completed on the Bein- 
hower farm in the southwest corner of the same section,' and a 
11,000,000 cubic foot producer secured. Just north of these 
giants a number of producers, ranging from 4,000,000 to 
6,000,000 cubic feet have been completed. These wells rad- 
ically change the character of the field. 

While the territory has not vet ])een tested sufficientlv to 
demonstrate its lasting quality, the indications are that it will 
equal the best yet found in the Clinton sand. Several of the 
largest companies operating in the Sugar Grove field have en- 
tered this territory, the result being that a number of the prin- 
cipal cities in the central part of the state are using fuel from 
the Homer field. This much can be said for the territory at 
present, — the acreage is large, rock pressure high, gas rock 
continuous, and salt-water absent below the Berea grit. Tt will 
supplement the supply of fuel received from Sugar Grove, and 
may do much more. 

Geology of the Fields. 

As has already been stated the geological relations in the 
several reservoirs are in the main similar, and consequently 
may ])e considered together. Where differences occur specific 
mention will be made. The gas rock was first classified by Dr. 
Orton with the Clinton, but later he appears to have been in 
doubt concerning the accuracy of this determination. From 
numerous well records, and from samples of drillings collected 
and examined by the wTiter, it appears that the gas rock lies 
near the base of the Clinton fonnation, ])eing separated from 
the underlying Medina by a few feet of dark slate. This will 
1)0 made clear hi the following pages : — 

Well Reeords. The succession of strata below^ drainage is 
sliown by the following record of Federal well No. i. located 
four miles lielow Lancaster in the old canal bed. 
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logist. 




April, 1903. 


ThickncRS oi 
formation. 


Depth to bottom 
of formation. 


54 


feet 


54 


feet. 


91 




145 




20 




165 




• 135 




300 




50 




390 




52 




442 




) 25 




467 




103 




570 




560 




1 130 




142 




1272 





Drive pipe (ten inch) 

Shales 

White sand, with water 

Sandy shale 

Gray shale 

Sunbury (Bcrca) shale 

Bcrea grit (cased with Sj/^i inch pipe) 

Bedford shale Crcd) 

( black shale 
Oluo shales. . j ^^^.^^ ^,,3,^ 

Corniferous, Lower Hclderberg and 
Niagara limestone, 687 " 1959 " 

Top at 1272 feet 

Salt-water at 1407 " 

Salt-water at 1682 

Base of limestone 1959 " 
T94.1 feet of 6^i inch casing 

,' White slate "^ " " 

I Red rock '° " -- " 

i Limestone shell ° " " 

Clinton shales j Blue slate, break 
and sandstone ] Shales and limestones 15 

I Blue slate 

I Clinton sand top at 2075 feet. 
I Bottom of well at 2088 feet. 

Following is the record of the lower part of a well on the 
Bauer fami, two miles west of Sugar Grove. Samples of 
drillings below the Niagara were collected by the writer: 

Corniferous, Lower Hclderberg and 
Niagara limestones, top at 1430 feet. 

bottom at 2132 " 

Shales, light chocolate col- 
ored. Little lime 36 " 

Sl'.alcs, green and chocolate 
colored, the latter fossil- 
iferous. Some lime 31 " 

Shales, green and chocolate 
colored. Much lime ^7 

Gas sand at 2237 

The following skeleton record of the ATcXichols well, twen- 
ty-five miles south of Sugar Grove in Jackson township, \'in- 
ton coimty is of interest because it shows- the thickness of hntli 
the Clinton and the Medina: 
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Berea grit, top at 888 fccL 

bottc^m at 942 " 

730 feet of 8J<3 inch casing. 
942 feet of 6J4 i"ch casing. 
Corniferous Lower Hclderberg and 

Niagara limestones, top at 1735 

bottom at 2390 

Clinton, top at 2390 

bottom at 2460 

Medina, hard above, but very soft below, top at 2460 
2554 feet of 5 Via inch casing. bottom 2560 

Cincinnati series, top at 2560 

bottom of well 2860 

In the Sugar Grove territory the great limestones (Corn- 
iferous, Lower Helderberg and Niagara) are charged with 
salt-water, which sometimes completely fills the well. The 
formation is wnbroken, except in the lower fifty feet, where it 
becomes shalv, so that the transition to the Clinton is not 
abrupt, and yet it is easily recognized by the driller. 

Lastly, there is given a skeleton record of a well on the 
Dunlap farm near Homer in Burlington township, Licking 
countv. 

Drive pipe (8 inch) 
Bcrca grit, boiiom at 

566 feet of ty^ inch casing. 
Corniferous, Lower Helderberg and 
Niagara limestones, top at 

bottom 
Pink limestone and shales, top at 

bottom 
Clinton sand, top at 

bottom 
Bottom of well at 
The most interesting feature of this part of the field in 
comparison with that around Sugar Cjrove is the absence of 
water l)elow the Berea grit. As shown in the record just given 
only one string of casing is used, and that extends merely to 
the base of the IkTca. This greatly diminishes the cost of the 
wells, and also the chances of water forcing its way down into 
the gas sand. 

The Clinton formation. — This outcrops in the southwestern 
corner of the state. Its area there is very small, forming a 
mere l)an(l around the Cincinnati series, but owing to a 
tendency to form an escarpment with the underlying formation 
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the Clinton is quite conspicuous. The formation in that part 

of the state is essentially a crystalline limestone. This is usu- 

ally delicately colored and is often highly fossiliferous. At 

places it is a building stone of high grade, but uneven bedding 

has been an obstacle to its use for this purpose. In one or fwo 

counties it is burned for lime, furnishing a product of excellent 

quality. The rock is calcareous in composition, becoming in 

some places the purest rock of this type in Ohio. The fol- 

lo^ying is an analysis of the limestone near Osborn, Green 

county :* 

Carbonate of lime 97-14 P<-*r cent 

Carbonate of magnesia 1.21 

.-\hiniina and oxide of iron .41 

Si lie ions matter .70 



>> » 



99.40 
C)ccasionally in the part of the state under consideration, 
a thin bed of clay, called by Foerste the Beayertown marl 
forms the toj) of the Clinton, and at other j)oints a lean dcfosit 
of Clinton ore occupies the same relative position. The earl- 
iest geological reports of the state spoke of the rock carrying 
the odor of petroleum, and about forty years ago wells with 
this substance in view were drilled in it. The result, however, 
was total failure.! 

Cnder cover in the northwestern part of the state the com- 
position of the rock changes, resembling very closely that of 
the overlying Niagara. This is well shown in the followmg 
analysis of the Clinton from near Bowling Green::?: 

Carbonate r)f lime 4Qi9 pt*r cent. 

Carbonate of magnesia 40.31 " " 

Insoluble residue 7.76 

At Fremont, Sandusky county, the formation has been the 
source of a small reservoir of gas;§ and occasionally it ^as 
yielded a small quantity of oil or gas in adjacent countie*-'. 

In central Ohio the formation presents a <.:omplete change. 
The limestone has disappeared, and there are found in its i)lace 
shales of various colors and compositions, and usually an inter- 
calated bed of sandstone. The shales ccnlain a noticeable 



• Gcol. Sur. of Ohio, vol. vi, p. 71.'8. 

t Second An. Kcp. Gcol. Sur. of Ohio (1838), p. 22.'); also vol. iii. (187^), p. 
-407. 

t Gcol. of Ohio, vol. vi. p. 728. 
$ Ibid., pp. is 3 -9. 
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quantity of carbonate of lime, this being most abundant in the 
thirty-five feet above the gas rock. Well drillings strongly in- 
dicate that the green and chocolate colored shales are inter- 
stratified with calcareous ones. 

The gas rock is a light colored sandstone of moderate grain. 
It drills hard, suggesting that the parts are well cemented. 
The thickness of the stratum is not definitely known; espec- 
ially is this true in the Sugar Grove field, where it has rarely 
been drilled through. The maximum reported from that ter- 
ritory is thirty- four feet, and the average is perhaps one-half of 
that. Around Homer the sand is drilled through; five wells 
selected at random showing thicknesses of 10, 28, 8, 12 and 18 
feet, an average of 15 feet. 

Below the gas sand there is found a thin bed of shales com- 
monly ranging from ten to thirty-five feet in thickness. This 
has a dark color and is succeeded below by dark red shales. 
Since work nearly always stops before the latter are reached, 
or when they have been penetrated a few feet, thus making 
certain that the horizon of the gas sand has been passed, data 
bearing on their thickness are meager. The record of the Mc- 
Nichols well, previously given, credits 100 feet to the form- 
ation. The top of this red rock is regarded as the summit of 
the Medina. 

Life of Wells. — This depends on several factors, such as 
nature of gas rock, closed pressure, initial flow, acreage per 
well, rapidity with which the gas is used, salt water, care taken 
of wells, etc. The short life of the Thurston field has already 
been noted. That of the territory around Newark was longer 
because the demands made on the wells were not so heavy. 
The following table was compiled from wells in the Sugar 
Grove field. It shows the original rock-pressure and open 
flow, the decrease of these, and to some extent the life of the 
wells.' The data are taken from wells that have been prac- 
tically in continuous use. Doubtless records could be secured 
from this teritory that would show a greater period of pro- 
duction than any wells contained in this table. 
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The table shows plainly the short life of wells in the best 
territory, where care is taken to prolong their lives. Since the 
rock pressure of the field is now much lower than it was a 
few years ago, it follows that wells drilled hereafter will be 
much shorter lived than those sunk formerly. 

Salt Water, — Operators and drillers are almost a unit in 
reporting the gas sand free from water. However, the great 
limestones lying above the Clinton rock are charged with brine 
in the Sugar Grove field, and this is a constant source of Han- 
ger, for unless the packer fits tightly the water crowds into the 
sand, causing serious trouble, and sometimes ruins the well. 
Around Homer, as has already been stated, no water is found 
below the Berea grit, and consequently the danger is much 
smaller. 

Rock Structure, — The strata in the Sugar Grove field have 
been considered by some on a priori grounds to form an anti- 
cline, and by others a terrace. Neither, however, appears to 
be correct. On a line running almost due east and west through 
Sugar Grove, the rock dips to the east nearly 260 feet in less 
than six miles, an average of forty-five feet per mile, barom- 
eter measurement. 

This shows neither an arch nor terrace extending through 
the territory north and south. Further, at the village Amanda^ 
eleven miles west of Sugar Grove, the Clinton rock lies 600 
feet higher than it does at the last named village. This ex- 
cludes a possible suggestion that the gas belt may lie in the 
eastern slope of an arch, as several reservoirs of oil and gas are 
known to do in eastern Ohio. 

From Lancaster the rock dips southeast more rapidly than 
the bed of the Hocking river slopes, as is shown by the increas- 
ing depth of the wells in the valley of this stream. This ex- 
cludes the idea of an east and west arch or terrace. ' 

The large reservoir known as the Sugar Grove, may be re- 
garded as consisting of several small but contiguous ones. 
This is well illustrated by changes in rock pressure. Thus the 
rock pressure at Lancaster has long been nil, while the wells 
on the Zink farm, two miles north of that town, which were 
drilled in 1891, still have a pressure of from 500 to 600 poujids 
per square inch. Around Sugar Grove the pressure has dropped 
to 100 pounds, but a few miles away it is several times ihat 
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figure. Farther south in Hocking county similar conditions 
are found. It appears that these small reservoirs are separ- 
ated by strata that are practically impermeable, and conse- 
quently that one may be drawn on or even exhausted without 
materially affecting the adjacent reservoir. This is a marked 
contrast with the results experienced in the Trenton limestone 
territory of northwestern Ohio. 

Composition of the Gas. 

Below is given an analysis of gas from the Thurston field, 
the work having been done by professor C. C. Howard of 
Starling Medical College. 

Carbon dioxide .25 per cent. 

Oxygen .15 

Olefines . 30 

Carbon monoxide .15 " " 

Nitrogen 8.12 " " 

Hydrogen .55 

Paraffines (Marsh gas etc.) 90.48 

For comparison there is given an analysis, made by the 

same chemist, of natural gas from the Trenton limestone at' 

Findlay.* 

Marsh gas 92.61 per cent, 

defiant gas .30 " 

Hydrogen 2.18 

Nitrogen 3 61 " " 

Oxygen .34 " " 

Carbonic acid .26 " " 

Carbonic oxide . 50 

Sulphuretted hydrogen .20 
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Search for the Clinton in Eastern Ohio, 

Many wells have been drilled within the past few years in 
the eastern part of tlie state, especially in the counties border- 
ing on the Ohio river, for an oil or gas rock below the Berea 
grit. The object has been to find one of the deeper sands 
known in Pennsylvania and West Virginia, and if not success- 
ful in this to proceed until the Clinton is reached. 

These trials have disclosed an interesting fact with reference 
to the thickness of the Ohio shales, lying between the Berea 
grit and the Comiferous limestone. Thus at Lancaster these 
shales have a thickness of 702 feet, near New Lexington, 

t Vol. vi.. p. 136. 
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eighteen miles farther east, 1160 feet, and at McConnellsville, 
forty miles east of Lancaster, 1712 feet. This is an average 
increase of twenty-five feet per mile, and if this rate should 
continue until the Ohio river is reached, it would mean a thick- 
ness of over 2,500 feet for the formation. This is in harmony 
with a test made farther north near East Liverpool where these 
shales were penetrated to a depth of 2,600 feet without reach- 
ing their base. It is apparent from this fact that it is prac- 
ticajjy useless to attempt to develop an oil or gas field in the 
Clinton in eastern Ohio; and further it may now be regarded 
as having been demonstrated by the drill that when the Berea 
grit has been passed in this territory all hope of finding an oil 
or gas rock is gone. 



STRUCTURE OF THE SOUTHERN PORTION OF 
THE KLAMATH MOUNTAINS, CALIFORNIA. 

By OftCAR H. Hbrsiiby, Berkeley, California. 

In the Klamath legion, the observation of strikes and dips, 
unless followed industriously for a long period and over a 
broad extent of territory, is a waste of time, as it leads to but 
one conclusion, namely that the entire region has been broken 
up by small irregular folds and faults which mask the true 
character of the structure. In' certain areas the dips will be 
prevailingly in one direction, generally easterly, and give tlie 
observer the impression that the formation as a whole is in- 
clined in that direction, whereas the easterly dips are due solely 
to a vast number of small, easterlv tilted fault blocks. 

The only satisfactory method of obtaining a correct appre- 
ciation of the structure in a broad sense, which the writer has 
found available in the Klamath region, is the persistent follow- 
ing of contacts between different formations. After several 
years devoted to that kind of work, one acquires the habit of 
forming mental pictures of the individual formations as single 
great masses of unbroken rock, disregarding the innumerable 
minor dislocations. It is of this major structure that I propose 
to treat in this paper. 

The present degree of deformation of the rocks of the 
Klamath region is the result of movements at different periods 
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of geologic time. At about the opening of the Quaternary 
era, the territory was warped into a series of broad, compar- 
atively low arches and domes. *Earlier, but yet at a time post- 
Cretaceous in age, the same region had been acted on by oro- 
genic activity, the result being a series of structurally enclosed 
basins, separated by broad ridges ^hich were high in compar- 
ison with those formed at the opening of the Quaternary era.f 
The products of these two periods of orogenic activity were 
characteristically different from that of an earlier period which 
appears to have affected the region at about the close of Jur- 
assic time. The Early Tertiary and Early Quaternary deform- 
ations were like those which have been shown to have operated 
on the Southern Appalachian province in post-Cretaceous times,t 
while the first post- Jurassic disturbance of the Klamath region 
was essentially of what is known as the Appalachian type, be- 
ing characterized by great folds and faults, with axes extend- 
ing for hundreds of miles in a certain direction common to the 
system. The broader structural features of the Klamath re- 
gion are principally due to this post-Jurassic disturbance and 
my remarks in the succeeding pages will treai of it chiefly. 

The pre-Cretaceous stratified formations involved in the 
Klamath mountains west of the Sacramento river consist of 
three series, a highly metamorphic series of schists, supposed 
to be of pre-Cambrian age, probably Algonkian, possibly 
Archaean ; a series of less highly metamorphosed slates, quartz- 
ites, limestones and cherts, of an age ranging from early in the 
Devonian to the close of the Carboniferous period ; and a Mes- 
ozoic series also altered by metamorphic action, but less in- 
tenselv than the Paleozoic serics.§ The first series consists 
chiefly of the Abrams mica schist, which is supposed to have 
an exposed thickness of about 1000 feet ; and overlying it, the 
Salmon hornblende schist, known to be at least 2500 feet thick. 
Probably the real thickness of these formations is much 
greater. 

• "Ncoccoe Deposits of the Klamath Region, California." Journal of 
Geolof^y. vol. x. No. 4, May-June, 1902. 

t "The Significance of Certain Crctnceons Outliers in the Klamath Region, 
California," Am. Jour. ofSci., vol. xiv, July, 190U. 

X "Geomorphology of the Southern Appalachians," National Geofiraphic 
JdQf^azine, vol. vi, pp. 63-1^6. 

§ '*Mjetnmorx)hic Formations of Northwestern California," Amkeican 
Groi.ogist, vol. xxvii, April, 1901. 
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The Paleozoic series is estimated to be not less than 5000 
feet thick and seems to represent continuous deposition in a 
broad sea basin. The Mesozoic series is divided sharply into 
two formations, of which the lower was composed of volcanic 
materials such as andesite and rhyolite lavas and tuffs, intrud- 
ed by dikes of diorite, diabase and rhyolite porphyry, all now 
altered to rocks abounding in sericite, chlorite and epidote. 
This complex of volcanic materials, the Clear Creek series, 
is overlaid unconformably by several thousand feet in thick- 
ness of alternating black slates and blue quartzites, with con- 
glomerates locally developed, the whole taken together as the 
Bragdon formation, which is supposed to be of about the same 
age as the Mariposa formation in the Sierra Nevada region 
and hence l^te Jurassic. The total thickness of the stratified 
formations so far as known is about 12,000 feet, but probably 
a more thorough study of the region will show the real thick- 
ness to be several times as great. 

East of the Sacramento river, Diller, Smith and others 
have shown that there is there developed a Mesozoic series of 
slates, limestone and sandstones of late Triassic and carlv and 
middle Jurassic age, which seems to be totally unrepresented 
west of the Sacramento river, except in a few small remnants 
near Redding, its place in Trinity county being occupied by 
an erosion interval. This region east of the Sacramento river 
and a narrow strip west of that stream have lately been 
thoroughly investigated by Diller in mapping the Redding 
Quadrangle of the United States Geologic Atlas, and its geol- 
og\^ is hardly within the province of this paper. 

The distribution and relations of the stratified formations 
of the Klamath region >south of the Klamath river, are now 
sufficiently well known to make the following history of their 
deposition reasonably certain : The original sediments of the 
Abrams mica schist were laid down on the sea bottom with 
comparative uniformity of character and thickness over the 
entire area. Upon them were deposited the supposed volcanic 
ashes which have been metamorphosed into the Salmon horn- 
blende schist. Apparently this also extended beyond the ter- 
ritory now under discussion. Then these two formations were 
metamorphosed, uplifted and eroded. The denudation in places 
cut away the hornblende schist and exposed the mica schist. 
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A geologic map of the territory at the close of this period of 
erosion would probably have displayed an irregular assortment 
of patches of hornblende schist in a ground work of mica 
schist. 

The Paleozoic series was deposited in a comparatively deep 
sea and extended far beyond the Klamath province. Upon its 
uplift at the close of the Carboniferous period, it was deeply 
eroded, so that the earliest Mesozoic formation rests indis- 
criminately upon its earlier and later members. However, there 
is no reason to believe that it was anywhere completely cut 
through and the underlying schists laid bare, except possibly ip 
one very limited area near Lowdcn's ranch in Trinity county, 
and even there the phenomenon of contact between the Meso- 
zoic rocks and the schists may be the result of faulting. 

The Clear Creek volcanic series was spread as a sheet of 
varying thickness (probably between limits of 200 and 2000 
feet) over the entire territory south of the Klamath river, ex- 
cept possibly not in the vicinity of the present Scott and Shasta 
valleys. It was then exposed to erosion in the country west 
of the Sacramento river and leveled off, but it seems not to 
have been cut through at any place except probably along the 
northwestern border of the province, in the vicinity of the 
present station of Delta. 

A study of the Bragdon formation has developed a curious 
bit of geologic history of northern California. It was un- 
doubtedly laid dowTi in a sheet gradually thinning to the west- 
ward over the entire region of the Klamath river and west of 
the Sacramento river. It extends only a short distance east of 
the latter river in the vicinity of Delta and Elmore stations 
and in this region contains considerable beds of comparatively 
coarse conglomerate, which wedge out westward by becoming 
thinner and finer in texture. The pebbles are composed chiefly 
of the cherts of the Paleozoic series. 

Now, these Paleozoic chert pebbles could not have been 
derived in any of the. territory from the Trinity mountain 
westward as, everywhere in that region, the Clear Creek vol- 
canic scries intervenes between tlic two slate scries. Xear Delta 
and Elmore, on the Sacramento river, the volcanic scries seems 
to be thin and discontinuous from erosion precedini^ the l:^)ra[::- 
don epoch, a fact indicated not alone by my own ol)servatinn 
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but also by evidence recently communicated to me by Mr. Dil- 
ler and in that region may be found the source of the Paleo- 
zoic chert in the Bragdon conglomerates. The explanation 
seems to be that the eastern shore-line of the Bragdon body 
of water was just a little eastward from the site of the present 
Sacramento river, while northeastward from it erosion was 
effective on a land whose surface formations were largely the 
slates, limestones and cherts of the Paleozoic series. 

The absence of marine fossils and the presence of some 
plant remains in the Bragdon formation may indicate that it 
was not laid down in the open sea, but in an inland body of 
water, perhaps brackish in character. 

The fact which I have endeavored to bring out by this brief 
resume of a portion of the geologic history of the southern por- 
tion of the Klamath region is that at the close of the Bragdon 
epoch of deposition and just preceding the orogenic activity 
whose products I am about to describe, the territory was under- 
laid by four practically continuous sheets of rock, a foundation 
of schists, a thick layer of Paleozoic rocks, a thin layer of vol- 
canic materials and a thicker layer of Mesozoic sediments. 
It is by following the contacts between these four layers that 
the structure of the region may be truly and readily deter- 
mined. 

Considered first as to its broader features only, the south- 
ern portion of the Klamath region may be described as consist- 
ing of a central ridge of schists, bordered on the west by a 
great, un symmetrical geosyncline, and on* the east by the west- 
ern limb of another great geosyncline. The first geosyncline is 
limited on the v/est by another belt of schist, chiefly the 
Abrams mica schist, which forms the South Fork mountain 
and is prolonged northwestward to and probably across the 
Klamath river near Wichipcr. The sandstones of the Coast 
Range region adjoin this schist belt on the west. Mr. Diller 
lias iiifonned me that toward the north, approaching the Klam- 
ath river, long, narrow belts of schist alternate with narrow 
belts of sandstone, the latter dipping eastward as though going 
under the schists. This apparent anomaly is evidently due to 
a series of faults. It is further evident that the Coast Range 
formations have buried the western portion of the schist belt 
which latter may extend, immediately under the sandstone, 
far toward the coast. 
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The eastern schist belt emerges from beneath the Creta- 
ceous sandstones and shales in the Sacramento valley west of 
Ono, with a width of eight miles and gradually increases as 
it advances northward to a maximum of about twelve miles 
west of Scott valley. Southward from the Trinity river, the 
pre-Paleozoic area is occupied chiefly by the Abrams mica 
schist, the hornblende schist being confined to narrow strips, 
but northward from the Trinity river, the hornblende schist 
spreads out and finally nearly excludes the mica schist as in 
the vallcv of the South Fork of the Salmon river. Still farth- 
er north, in the mountains west of Scott valley, the mica schist 
has again asserted its supremacy. 

The structure within the schist belt is somewhat obscure, 
but it is certain that there is no sharp folding of the schists as 
in the areas of newer and less rigid formations. At one thne 
I thought I saw evidences of two narrow anticlines in the schist 
area south of the Trinitv river, but now I am less confident of 
that conclusion. It appears to me rather that the schists have 
been elevated to unequal hights in irregular areas without the 
formation of any clearly anticlinal or other symmetrical types 
of structure. Mapping, considered in relation to the present 
topography, is developing the situation and shape of some of 
the structurally depressed and elevated areas of the schists and 
little more can be said about them at present. 

The space between the two schist belts has a width south 
of the Trinity river of about twenty-four miles and northward 
in approaching the Klamath river increases to about thirty five 
miles. It is occupied mainly by the Paleozoic series, although 
somewhat west of the center there is a narrow belt of Mesozoic 
rocks, consisting of the Clear Creek volcanic series and the 
Bragdon slate scries. The Paleozoic series is difficult of sep- 
aration into its constituent members because of its comparative 
uniformity of character throughout, but the presence of Upper 
Carboniferous fossils just east of the Mesozoic belt as found 
bv the writer at Patterson's on Xcw river in western Trinitv 
county, and by Mr. James Storrs* (an assistant of Mr. Diller) 
near Harrison gulch in western Shasta county, makes it evi- 
dent that the Mesozoic scries rests upon the upper members of 
the Paleozoic series. 
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Along the eastern border, near the schist contact, the Pale- 
ozoic strata resemble the known Devonian on the opposite side 
of the schist belt as in Shasta county, particularly in their ex- 
tremely cherty constitution, and while no fossils have been 
found to fix positively the presence of Devonian rocks in the 
western belt, it is safe to assert that in traveling from the east- 
ern schist belt westward, one traverses progressively (except 
for a minor folding) higher members of the Paleozoic series 
until the Mesozoic rocks are reached. The argument that I 
wish to draw from this premise is that practically the entire 
thickness of the Paleozoic rocks is present under the Mesozoic 
belt, and that along the axis of this belt, where the Bragdon 
slate is at least 1000 feet thick, and the Clear Creek volcanic 
series probably of like thickness, the base of the Paleozoic 
rocks where they rest on the schists, must be at least 7000 feet 
beneath the present surface; probably it is much deeper. 
Where the Trinity river crosses the axis of the trough, near 
Hawkin's Bar, the schists must be depressed to not less than 
5500 feet below sea-level. There is no reason for believing 
that the axis of the trough rises materially to the northward 
or southward within the limits of the area under discussion. 

The schists in the belt on the east rise to an altitude of 8500 
feet above sea-level and those on the west reach nearly or quite 
6000 feet. It is very likely that were the base of the Paleo- 
zoic rocks restored to its position over the crests of these two 
schist ridges, it would be far above any elevation now reached 
by these schists. Therefore, any calculation of the depth of 
the trough based upon the present highest points of the border- 
ing schist ridges will be a perfectly safe one and probably fall 
far short of the reality. 

Generalizing broadly, I shall say that this western gcosyn- 
cline of the southern Klamath region is a trough from thirty- 
five miles wide in the south to fiftv miles wide in the north, 
and 11,500 feet deep relative to its western edge and 14,000 
feet deep relative to its eastern edge. 

The eastern geosyncline is even broader and perhaps deep- 
er than that just defined. Only its western half properly l)e- 
longs to the Klamath region and extends from the crest of the 
eastern schist ridge of Trinity county to the Big Bend region 
of .^liasta county. It includes all that portion of the Klamath 
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mountains lying east of the Sacramento river. As already 
intimated, the present writer does not desire to go at length 
into the structure of that territory as it has been thoroughly 
studied by Diller whose report on it is not yet issued, but cer- 
tain general facts have long been known to the geologic public 
and may be detailed as follows : A considerable area lying just 
east of the schist belt, in eastern Trinity and western Shasta 
coimties, is mainly occupied by the Clear Creek volcanic series 
and the Bragdon slate series. Small isolated areas of Devon- 
ian strata appear in this territory in a way to indicate that this 
Mcsozoic series is immediately underlaid over a considerable 
extent by Devonian rocks. These Devonian rocks come out in 
force from under the Mesozoic rocks east of the Sacramento 
river. The same Devonian belt extends northward and west- 
ward to Scott valley in Siskiyou county, where it adjoins the 
schist area. 

As it will not seriously affect the argument, it is proper to 
disregard the Mesozoic rocks lying on the Devonian strata in 
eastern Trinity and western Shasta counties and consider the 
schist belt as bounded, structurally on the east by a Devonian 
belt. This is followed eastward by a Carboniferous belt, then 
by Triassic strata (the Pit shales and the Hosselkus limestone), 
and these by Jurassic strata (the Bend shales and the Morrison 
sandstone), the latter carrying us quite to the easternmost 
point of the Klamath mountain system. 

The eastern limb of this geosyncline is mostly buried under 
the lavas and tuffs of the Lassen volcanic region, but at the 
northern end of the Sierra Nevada region we may have a sug- 
gestion of it in the presence, as mapped by Diller in the Lassen 
Peak Folio of the U. S. Geologic Atlas, of Silurian strata fol- 
lowed on the west bv Devonian and this latter bv a broad belt 
chiefly Carboniferous. Strata of Carboniferous and Jura-trias 
ages occurring in positions not conforming to the above ideal 
westward succession weaken the argument and I give it as 
little more than a suggestion. 

The structural features which have been described as char- 
acterizing the southern portion of the Klamath region arc un- 
doubtedly not confined to that area. Their extension north- 
ward will be a matter of future (Observation. Southward these 
two geosynclincs must underlie the Cretaceous rocks of the 
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Sacramento valley for a long distance, probably several hun- 
dred miles. Southward from a line drawn through Weaver- 
ville, the course is southeast, in conformity with the strike of 
the stratified rocks of the Sierra Nevada region. Probably the 
western geosyncline is completely buried under the Sacramento 
valley and the western limb of the other trough is barely rep- 
resented, if at all, along the extreme westom border of the 
Sierra Nevada region where Calaveras rocks appear west of 
Jurassic strata. 

Northward from a line drawn through Weaverville, the 
strata strike north and finally bend toward the northeast, and 
when the geosynclines pass beyond the Klamath region they 
are striking toward the interior of the continent. 

Superimposed on the geosynclines are structural features 
of the second order such as anticlines, synclines, monoclines 
and faults. These are especially apparent in the western 
trough where the Paleozoic and Mesozoic strata have been 
more or less closely and regularly folded in a manner similar 
to the Appalachian region. The folding of the Paleozoic rocks 
is somewhat difficult to work out because of the uniformity of 
the series, but certain belts of limestone, and in southern Trin- 
ity county, narrow belts of quartzyte, pass up and down the 
slopes of the mountains and are apparently repeated three or 
four times within a half dozen miles in a way to indicate a 
rather close folding of the series. The Mesozoic rocks of 
Trinity county lent themselves to this folding action much 
more readily than did the Paleozoic rocks, and in the Clear 
Creek and Bragdon area south of Hay Fork village, there are 
at least three synclinal folds occupied by the Bragdon slate, 
separated by anticlines in the axes of which the Clear Creek 
volcanic series outcrops, all comprised within a space of two 
miles. These folds are persistent along the strike for twelve 
or fifteen miles. 

In the western Paleozoic area, long narrow belts of the 
Clear Creek volcanic series occur folded down into the slates. 
Four miles below Cecilville, in the valley of the South Fork 
of the Salmon river, there is clear evidence that there has been 
a complete overturn of a limited area so that limestone, slate 
and chert of the Paleozoic series rest upon tufTs of the Clear 
Creek series. The contact is the original one, showing a non- 
conformity, but now upside down. 
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The structure of the Mesozoic area of eastern Trinity and 
western Shasta counties has been partially described by me in 
several former papers* and little new material can be added. 
The area as mapped has a length from north to south of about 
forty miles and a maximum width of about thirty miles with 
a probable average of twenty miles. It occupies a basin-shaped 
depression in the surface of the Devonian rocks, which latter, 
however, do not come to the surface along its western and 
northwestern borders, partly because of faulting and partly 
because of the intrusion of vast masses of peridotite along that 
line. The axis of the basin lies considerably northwest of the 
center, has a course approximately north-northeast to south- 
southeast and occupies the position nearly of the present sum- 
mit of the Trinity mountain. In this central and deeper por- 
tion of the basin, the Bragdon slate outcrops without inter- 
ruption over extensive areas, but nearly all around the borders, 
it has been upturned, eroded and the volcanic series laid bare. 

The northwestern one-third of the basin is characterized 
by the development of a system of beautiful anticlines. They 
strike east-west with a tendency to bend northeastward in en- 
tering Shasta from Trinity county. The Trinity river between 
Trinity Center and Eastman gulch, a distance of eighteen 
miles, traverses about ten of these anticlines. The intensity 
of the folding reaches a maximum a few miles south of Brag- 
don where the elevation of the axis of the anticline may be 
2000 feet above the same strata in the axes of the bordering 
synclines. The strata are closely appressed, so that at and 
near the river-level, the contacts are vertical and in places 
slightly overturned. From this point both northward and 
southward there is noticeable a progressive decrease in the 
amplitude of the folding vertically, and lengthening of the 
rolls, until the system dies out in comparatively gentle un- 
dulations. 

If we follow the crest of a given anticline, using the con- 
tact between the volcanic series and the overlying black slates as 
our datum plane, we will find it rising and falling in a series of 
gentle undulations. Also, we will find frequent small faults, 
with throws of lo to lOO feet, with a consequent tilting of the 

• **Origln and Age of Certain Gold 'Pocket' Deposits In Northern Califor- 
nia," Ambk. Gbol.. vol. xxiv. July, 1899. 

*' Metamorphic Formations of Northwestern California," Ambr. GBoL.r 
vol. xxvii, April, 1901. 
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fault blocks between. The combination of all these structural 
features has given rise to such a complexity of local dips that 
anyone crossing the country on one of the stage roads is like- 
ly to arrive at almost any kind of conclusion in regard to the 
general structure of the area. 

Siibsequent to the completion of the Clear Creek volcanic 
series and apparently also subsequent to the deposition of the 
Bragdon slates, much of the Klamath region was invaded by 
huge batholiths and dikes of peridotyte, since largely altered 
into serpentine. The largest area of serpentine occurring in 
the southern portion of the Klamath region occupies the ex- 
treme northeastern part of Trinity county and adjoining sec- 
tions of Siskiyou and Shasta counties. It has a length in a di- 
rection from northeast to southwest of about fortv-five miles 
and a width between five and twentv miles, but within this area 
there are other intrusives. It has chiefly invaded the Devonian 
belt east of the central schist rid^e, but also extends into the 
latter and forms the northwest boundary of the Mesozoic belt. 

Next there were intruded batholiths of gabbro and pyrox- 
enyte, mainly within the serpentine areas. Another change 
in the underlying magma resulted in the intrusion of 
granite batholiths. These rise in the serpentine areas and in 
the belts of schists, Paleozoic and Mesozoic slates. Their out- 
crops usually form oval or elliptical areas, square miles in ex- 
tent, several exceeding a score. 

The intrusion of such great masses of eruptive material 
into the sedimentary rocks must have had seme effect on the 
structure of the latter, but as yet I have failed to observe any 
strong evidences of an extensive displacement of the strata. 
The granite masses appear to be in the form of huge columns, 
rising vertically through the other rocks. In only one instance, 
namely, that of Mt. Courtney at the head of the South Fork 
of the Salmon river, do the strata seem to have been distinctly 
thrust up around a granite batholith. Here the schists have 
been upturned, so that a narrow belt of Abrams mica schist 
completely surrounds the granite. In all other cases observed, 
the granite seems to have simply replaced part of the form- 
ations intruded. Of course, in the vicinity of the contact there 
was more or less disturbance of the stratification by the in- 
truded granite, but no such disturbance of the areal geology 
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by forcing the surrounding strata into new positions as to be 
accurately and appreciably represented on an ordinary geolog- 
ical map. The strata which once held the position now occu- 
pied by the granite are gone. They either sank into the gran- 
ite mass and wer^ absorbed or they were raised up vertically 
and removed by erosion. 

Contact metamorphic zones as markedly distinct from the 
regional metamorphism of the surrounding country are not 
numerous in the Klamath region. The only really prominent 
one which I have observed was called to my attention by Dr. 
H. W. Fairbanks. The largest granite batholith, extending 
from near Igo in Shasta county through the Trinity range to 
near Lewiston in Trinity county, is bounded on the northeast 
by the Bragdon series of slates, quartzytes and conglomerates. 
Adjoining the granite, the sedimentary rocks have been con- 
verted into a mica schist resembling the old schists of the pre- 
Paleozoic series. The metamorphic action is apparent to the« 
unaided eye for several hundred feet distant from the granite 
and by means of a small hand microscope is yet clearly dis- 
tinguishable at the distance of several hundred yards. 

Now, nothing of the kind occurs around the granite batl^- 
oliths where they were intruded into formations which were 
already more highly metamorphosed than the Bragdon slates 
now are. When the granite rises through the hornblende schist, 
the border is characterized by breccias of angular fragments 
of schist embedded in the granite. There is not the least evi-. 
dence of fusion along the contact, but every indication of vio- 
lent fracture of hard rocks. The strata removed were not 
fused in place and as the physical conditions which forced up 
these columns of melted rock preclude the probability of the 
strata having sank deep into the earth, I consider it practically 
a certainty that they were raised vertically, blown out by vol- 
canic force and have long since disappeared by erosion. 

As the peridotyte intrusions were on a grander scale than 
those of granitic rocks, we will more surely expect in connec- 
tion with them to find evidence of the lateral compression of 
the surrounding strata. Perhaps the folding of the Mesozoic 
rocks in the Trinity Mountain area in a system which is at var- 
iance with other folds of the region may have been due to 
compression by the vast mass of melted peridotyte risino- on 
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the north. However, opposed to this idea are the facts that 
close to the border of the serpentine area, the folding is slight, 
and that the apparent large batholith of serpentine is probably 
a combination of many smaller batholiths so that perhaps only 
a small part of it may have been in fusion at one time and thus 
incapable of exerting much more compressive strain on the 
surrounding rocks than did the granite batholiths. 

The serpentine areas interrupt the continuity of the belts 
of stratified rocks, but do not seriously displace them. From 
the high specific gravity of the peridotyte, it is not likely that 
the disappearance of the strata replaced was brought about by 
sinking, and of fusion in place there is no evidence. Probably 
they were lifted to such a hight that erosion has since removed 
them. 

In denying, in the preceding paragraph, that there is any 
evidence in the Klamath region of fusion, by the heat of the 
intruded magmas, of those portions of the stratified rocks 
which once occupied the position now held by that portion of 
the intrusives which is above the stream-level of the region, I 
do not wish to convey the impression that th^^re is no evidence 
of fusion and absorption of the same sedimentary series at 
greater depth, but simply that erosion has not yet penetrated 
to the zone in which this occurred. 

The injection into the comparatively pliable sedimentary 
strata of material yielding such rigid masses of rock as granite, 
gabbro and peridotyte would be expected to have a marked 
effect on a subsequent system of folding of the region. No 
such effect is apparent in the southern portion of the Klamath 
region, and I conclude that the folding was virtually completed 
before the intrusion of these batholiths. The granite almost 
invariably rises as vertical colunms. Following the intrusion 
of the granite there were systems of dikes injected into the 
rocks. The majority of these dikes approximate very closely 
to the vertical. It is impossible to say what deformation may 
have affected the large serpentine areas, but the small serpen- 
tine dikes which are very plentiful in the Paleozoic area west 
of the central schist belt, remain vertical. Had all these bath- 
oliths and dikes been involved in the folding of the sediment- 
ary rocks, thev should be inclined at various angles, not a 
few being conspicuously near the horizontal. 
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Nearly all the contacts between important formations in the 
Klamath region, where observed, are faulted. Most of these 
faults are of small throw, not exceeding several hundred feet, 
and are not worth considering. But there arc evidences of 
several faults of great magnitude and probably more will be 
discovered in the future. 

In a former paper* I called attention to two in the Upper 
Coffee creek region which I denominated, respectively, the 
Lawrence and Keating faults. At that time I was laboring 
under the delusion that the serpentine involved by these sup- 
posed faults is an altered sedimentary, probably underlying the 
entire region except where gabbro rose from under it, and 
the recognition of the faults was partly based on this suppo- 
sition. But now that I have become aware of the true charac- 
ter of the serpentine as an altered intrusive, I see that the orig- 
inal argument was weak, but I none the less firmly believe in 
the existence of these faults. They trend north to south, paral- 
lel with each other and about one-half mile apart. They 
have been traced for ten miles. In the case of each, the up- 
throw is on the east and amounts to between looo and 2000 
feet. Mica and hornblende schists and serpentine are involved, 
and the latter has been displaced in such a way as to make it 
certain that the faulting occurred subsequent to the intrusion 
of peridotytc. Both are thrust faults and might be considered 
due to the same comprehensive strain as produced the folding 
of the region were it not for the evidence which places the 
peridotyte intrusion between the two. The Lawrence fault 
runs so close to a granite batholith without any displacement 
as to suggest that it is of later age. At the same time, acid 
dikes wore intruded along the line of both faults so persistently 
as to make it evident that the faulting preceded them. The 
intrusion of these acid dikes followed closely upon the intrus- 
ion of the granite batholiths. Therefore, if my observations 
have been accurate, the faulting was due to a comprelicnsive 
strain exerted closely succeeding the intrusion of granite bath- 
oliths and long subsequent to the general folding of the rc<:^ion. 

In the pai)er mentioned al)ove. I have also (lefiiied the 
''Trinity Center Fault." This is undoubtedly a fact .is the 
actual fault plane between the serpentine on the west and the 

•••Gold Bearing Lotlis of tin- Sierra Costa Mountains in Ci.liloi nia, " 
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Clear Creek volcanic series on .the east has been seen, but upon 
recognition of the serpentine as an altered intrusive, the evi- 
dence of the importance (because of great throw) of this fault 
becomes very weak. Where the same fault is due south of the 
Trinity river, the Bragdon slate is in direct contact with the 
schists and I am inclined to believe that it is a faulted contact 
with a considerable but indeterminable throw. 

I have long suspected that the profoundest fault of the 
territory may occur along the contact between the eastern 
schist belt and the Paleozoic belt west of it. This line runs 
straight for many miles. Usually the contact goes down from 
the mountain tops to the valley bottoms nearly or quite verti- 
cally ; indeed, just south of the South Fork of the Salmon river 
the contact may be inclined toward the schist area. The horn- 
blende schist and the mica schist as bordering the Paleozoic 
rocks change places several times. So far the evidence is in 
favor of faulting. 

North of the King Solomon mine, in Siskiyou county, the 
Paleozoic scries has, next to the schists, a formation of 
squeezed and crushed, fine conglomerate which appears to be 
the ''basal conglomerate*' of this series. This basal formation 
could not here be in contact with the schists unless practically 
an original or un faulted contact. At the La Grange hydraulic 
mine near Junction City in Trinity county, the Paleozoic slates 
pass over on to the hornblende schists and in places rest upon 
it horizontally and with such an irregular contact as to pre- 
clude the idea of faulting. The nature of this line separating 
the schists from the Paleozoic strata is a matter of considerable 
interest and should receive attention in the near future. 

Where I examined the contact between the Paleozoic slates 
and the schists of the western belt, in the vallev of the South 
Fork of Trinity river, near the mouth of Rattlesnake creek, it 
is apparently l^ot a faulted one. The surface of the schists 
seems to have been hummocky and the Paleozoic sediments ac- 
cumulated first in the dci)ressions. The slates dip northeaster- 
ly at a high angle and the contact is consequently sinuous on a 
small scale. 

The joint planes constitute another structural form present 
to an interesting degree in the Klamath region, but the study 
of tiicni has not yet progressed to the point of generalization. 

Berkeley, Cal., Jan. 13, 1903. 
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SOME RESULTS OF THE LATE MINNESOTA 

GEOLOGICAL SURVEY.* 

By N. H. WiNCHBLL, Minneapolis. 

This topic has been chosen at the suggestion of the chair- 
man of the Section (Prof. W. M. Davis), but with reluctance. 
The results of the survey have been published fully. Owing, 
however, to the volume of literature devoted to the Minnesota 
Survey, it is believed that a condensed enumeration of the chief 
scientific and economical results of that survey may be of use. 

(i). At the commencement of the survey, the rocks that 
are now included in the Upper Cambrian were embraced under 
the two terms *'Lower Magnesian limestone" and "Potsdam 
sandstone.'' It soon became apparent that the former embraced 
three parts, which had been unknown to D. D. Owen and his 
predecessors. Two of these were individually designated Shak- 
opee limestone, and New Richmond sandstone (a term adopted 
from the Wisconsin survey) and the term Lower Magnesian 
(since rejected by the Iowa Survey in favor of a new term 
Oneota) was restricted to the main body of the limestone ex- 
posed in the cliffs of the Mississippi between Hastings and 
Winona. That these two new parts do not belong in the over- 
lying St. Peter sandstone is evident from the fact that at var- 
ious places, as at Red Rock and at Shakopee. The Shakopee 
was included by Owen, who gave the original names, in his 
term Lower Magnesian limestone, while the Richmond sand- 
stone, which lies below the Shakopee was never by him referred 
to as St. Peter sandstone. 

The term "Potsdam sandstone" was also entirely changed 
from its early application in the Mississippi valley. It was 
found by stratigraphic studies that the Potsdam sandstone of 
Potsdam, New York, was represented in Minnesota by a more 
firm, even quartzitic, sandstone whose habit more nearly re- 
sembles the original Potsdam, and the term was applied to that. 
With this transfer it became necessary to apply new names to 
the friable white sandstones of the Mississippi valley. In de- 
scending order the parts thus named arc, Jordan sandstone, St. 
I^wrence limestone, Dresbach sandrock, and Hinckley sand- 
rock, with unnamed shales both above and below the Dresbach 
sandstone. The term St. Croix was given to these sandstones, 

• Read Dec. 31, 1902, A. A. A. S.. Wasliiugton, D. C. 
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not including the Hinckley sandstone, but extending from the 
top of the Jordan sandstone to the bottom of the Dresbach 
sandstone. These friable sandstones with their accompanying 
shales and limestones, constitute the Upper Cambrian, and lie 
non-con formably on the Potsdam which was found to be a part 
of the Keweenawan. 

(2.) The geology of the Lower Silurian in the northwest 
has had a diversified history. On making a careful and detailed 
examination, both stratigraphical and paleontological, in which 
Messrs. Ulrich, Schuchert and Scofield were the chief colabor- 
ers, it was found that, while the limestones and shales should 
be, as customarily, included in the Trenton and Hudson River 
groups, the Galena limestone is the stratigraphic equivalent 
of the Trenton proper, and that the stratum which had speci- 
fically been known as Trenton limestone, as that at the falls of 
St. Anthony, is in a lower position and should be denominated 
Stones River [or^Birdseye] and Black River limestones, the 
latter overlying. Based on the prevalent characteristic fossils 
each of these and the Trenton proper, were subdivided into 
three parts. The Hudson River formation was identified and 
divided into Utica and Richmond. In the progress of the 
Lower Silurian investigations a large number of new species 
were discovered and described. 

(3.) The extent of the Cretaceous was found to be greater 
than had been supposed. It was found on the summits of the 
granite range in northeastern Minnesota, known as the Giant's 
range, at points where the Mesabi iron ore is mined. It is 
known to extend nearly as far cast as the falls of St. Anthony, 
occurs in Goodhue coimty and it probably once covered the 
Mississippi valley if not that of lake Superior, lapping over 
into Wisconsin and Illinois. 

(4.) The early Minnesota reports are the first which in 
America recognized the duality of the Ice-age, based on the 
occurrence of interglacial deposits. The measurement of the 
time involved in the recession of the falls of St. Anthonv was 
the first demonstration of the reccntness of the last ice epoch.* 
The formation of glacial lakes about the ice border when the 
slope of the country was toward the ice, the origin of kames 
(now called cskers), the supcrglacial position of the drift while 
bcinf^ trans[)orted, especially in proximity to the ice margin, 

• Dr. K Andrews, of Chicago, had, however, reached a similar result based 
on the dunes and beaches of lake Michigan. 
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now well-known elements in Pleistocene geology, were new 
conclusions reached by the Minnesota Survey. The existence 
and cause of lake Agassiz was stated in the first annual report. 

(5.) Owing to the divergence of the strike of the two im- 
portant iron-bearing formations in northern Minnesota it was 
observed that there were two iron horizons, thus separating 
the Mesabi range stratigraphically from the Vermilion. This 
observation was continued into Wisconsin and Michigan by a 
visit to those states, and the same duality was pointed out in 
the iron regions of those states and was announced for the 
first time in the Minnesota report for 1888. This grand dis- 
tinction having been recognized it required only the application 
of detailed field observation to complete the elucidation of the 
stratigraphy of the iron ores. The distribution of the iron ores 
of the lake Superior district has been wrought out on this 
basis. It has since been discovered that there is still a third 
iron horizon in northeastern Minnesota, not mentioning the 
titanic iron ore of the gabbro. It is the Upper Keewatin, the 
others being in the Lower Keewatin and the Taconic. 

(6.) It was the Minnesota Survey that separated the 
Archean into two non -conformable parts, viz. the Upper and 
Lower Keewatin, with a great basal conglomerate between 
them. Others had announced a basal conglomerate at the base 
of the **Huronian," but it appears that by Huronian, in this in- 
stance, was meant the upper iron ore beds, which are not in- 
cluded in the Archean, but belong to the Taconic (Animikie). 
Such non-conformity also occurs in Minnesota, and is well 
known at the base of the Mesabi iron range rocks. 

(7.) It was the Minnesota Survey that detected the oldest 
known rock in the lake Superior region, and placed it at the 
bottom of the Archean. It is the greenstones that were named 
Kawishiwin, the bottom rocks of the Keewatin, the supposed 
earliest crust of tlie globe. 

(8.) The Minnesota Survey also reached the conclusion 
that the great quartzyte formation which cuts (juite a figure in 
the geology of Wisconsin and Minnesota is non-conformable 
upon the Animikie, and is a member of the fragmented beds 
of the Keweenawan. This has been named Sioux quartzyte, 
Barral)Oo c|uartzyte and New Ulni (juartzyte. It is that wliich 
contains the red pipestone (catlinylu) in soulhwcslorn Min- 
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nesota. It is the western representative of the Potsdam sand- 
stone, of Potsdam, N. Y. The light-colored friable sandstones, 
both in New York and in the Mississippi valley, lie higher, and 
are allied to the Calciferous, lately called Beekmantown. The 
eruptive disturbances which immediately followed this sand- 
stone in the lake Superior region, causing the widespread non- 
conformity of the lately friable sandstones, were wanting in 
the Adirondack region. Hence the difficulty of separating 
this quartzyte from those later sandstones in the northern 
part of New York state. This quartzyte seems to be the rep- 
resentative of the Middle Cambrian, as the Beekmantown is of 
the Upper Cambrian'. 

(9.) The final conclusion of the Minnesota Survey as to 
the origin of the Mesabi iron ores refers them to a greensand, 
which has been altered, affording iron ore by concentration 
of the iron in certain favorable positions. Cotempotary with 
this alteration was a concentration of silica, and this was in- 
creased by oceanic precipitation. Tlie original greensand was 
found to become pebbles, and to increase into angular masses 
that were neither sand nor pebbles, but rather breccia. These 
breccia masses have at first an amorphous crystalline texture 
and grade into a form of the iron-bearing rock which was 
named taconyte, and the whole was referred to volcanic action, 
being different forms of suddenly cooled volcanic glass and 
rhyolyte, broken and distributed by beach action. While this 
volcanic debris was undergoing this transformation great quan- 
tities of silica were set free from the glass, but this silica im- 
mediately saturated the debris producing spotted jasperoid 
taconyte and sedimentary jaspilyte. (No. 2 below.) 

Having reached this result on the Mesabi range it opened 
the* door to the understanding of the iron ores of the Vermilion 
range, and at once the rhyolitic forms and all the igneous as- 
sociations of those ores with basic igneous rock, were eluci- 
dated, thus confirming Wadsworth's idea of the igneous origin 
of the jaspilytes of the Marquette region — rather the igneous 
origin of the rock which later was changed into jaspilyte. 

Here a few words of caution are necessary. There are 
three rocks which may be called jaspilyte, and have been so 
called. 

(I.) 1'he rock above described, the result of silicification 
of basic rlivolvtes and obsidian. 
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(2.) The siliceous rock resembling the last but evidently 
resulting from oceanic chemical precipitation, forming long 
parallel bands intersheeted with greenstone debris and with 
other sediments, and grading into ordinary slate, or graywacke 
or into a siliceous greenstone. These bands are not wavy nor 
curled, nor structurally suggestive of lava flows. 

(3.) A detrital debris resulting from the destruction of 
either of the foregoing. When compacted, and especially when 
metamorphosed, such secondary jasper bands are sometimes 
hard to distinguish from primary jaspilyte. 

All of these forms of jaspilyte may be so charged with 
iron oxide as to constitute iron ore. 

(10.) After prolonged field examination the Minnesota 
Survey reached the conclusion that the granites of the Archean 
grade into gneiss, the gneiss into micaceous gneiss and mica 
schist, and finally into less and less metamorphic rocks that 
show a plain fragmental structure and sedimentary origin. 
There was found no exception amongst the Archean granites. 
The granites are of two dates of formation, one at the close 
of the Lower Kcewatin and one at the close, or after the close, 
of the Upi)er Keewatin. A later granite, associated with the 
gabbro, and grading into it, is of the Keweenawan, and another 
is still later. Hence it was inferred that the Archean granites 
did not spring from a deep source, but are a surface product 
of metamorphism carried to the extreme of fusion, on clastic 
materials that were later than the basal greenstones. Adven- 
titiously they form intrusions in some of the later (and espec- 
ially into the clastic) greenstones, but they are not known 
to penetrate the oldest greenstones. Tentatively the alkaline 
and the acid siliceous elements in these early sediments were 
supposed to have been derived from the atn:'osphcre, as the 
basal crust could not have aflPorded them. 

(11.) In the same manner the gabbro, which becomes acid 
and grades into syenytc, was derived from the metamorphism 
and fusion of the greenstones with their elastic variations. 
Diabase was found to pass insensibly into gabbro, Init on the 
other hand it is also certain that it was the original form oi all 
the igneous greenstones, and that it must have liad a deep 
seated source, and has still a deep seated source. 
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These belts of intensest metamorphism, whether productive 
of granite or of gabbro, have a parallelism with each other, and 
with the northwestern rim of the great synclinorium of the 
basin of lake Superior, marking successive continental folds, 
in harmony with a system which continued through Archean 
and Taconic time, and even into the Upper Cambrian. 

(12). In the progress of the survey the mineralogy of the 
state was considerably extended, there having been added fifty- 
six species to the known minerals of the state. The greater 
part of these Ar€re identified in the region of the crystalline 
rocks. 

Of the economic and educational results the following are 
worthy of mention : 

(i.) In the settlement of the prairie regions of Minnesota, 
which are based largely on a unifomi but very thick deposit 
of drift clay, the immigrant usually depended for domestic 
water supply on shallow wells, not usually over thenty-five 
feet in depth. In some of these wells a sufficient supply of 
good water was found in thin gravel or sand layers ; but in by 
far the larger number the supply was scant. Such scant supply 
was derived by seepage from the till. Had it not become con- 
taminated by artificial causes it would have been sufficient. 
But, in the absence of stone and brick for walling up their wells 
the settlers frequently resorted to pine planks which they ob- 
tained from the lumber markets. These they set vertically so 
as to enclose the well reservoir completely. Typhoid fever and 
enteric disorders became abnormally frequent and fatal, so 
much so that capitalists who were interested in the settlement 
of the lands of the state were fearful that the foulness of the 
usual well water would effectually retard the development of 
the agricultural lands. The health officers of the state shared 
in this suppressed alarm. 

After a careful examination of the conditions it was dis- 
covered that the difficulty arose almost solely from the use of 
pine planking in curbing the new wells. The prevailing alka- 
line quality of the water seemed to hasten the decay of the pitch 
of the pine, and, uniting with the resultant acids, not only pro- 
duced offensive odors but favored tho propagation of those 
germs that are formed in stagnant water. The waters were 
found to be wholesome when fresh from the earth, although 
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very hard, and sometimes alkaline. This result was widely 
published. Iron or stone or earthern piping was substituted at 
once for pine plartking, and the sickness and alarm rapidly 
subsided. This is one of the most important and immediate 
of the beneficial results of the survey. 

(2.) Of the economic resources whose development can be 
traced to the initial research of the survey only two will here 
be mentioned. 

(a) The excellent qualities of the Hinckley (Kettle River) . 
sandstone were discovered by the testing of the building stones 
of the state by the geological survey. At that time there was 
not a quarry operative in the state on that stone. It was im- 
mediately introduced into the markets of St. Paul and Min- 
neapolis, and is now recognized as an excellent building stone, 
and is largely employed throughout the state, (b) The exist- 
ence and position of the Mesabi iron range were pointed out 
by the geological survey, as distinct from the V'ermilion range, 
in 1884. Explorations which followed this publication were 
successful in the discovery of the first important deposit on 
that range. Since then the Mesabi range has developed into 
tlie greatest iron-producing district in the world. Throughout 
its early development the geological survey was in constant 
contact with the workings of the various explorers, and 
watched the progress of geological as well as economic evolu- 
tion. 

(c) But, notwithstanding the scientific discoveries of the 
Minnesota Survey, and over -and above all its aid rendered to 
economic interests, it is probable that the most valuable ser- 
vice it has rendered to geology consi.^ts in this: — the illustra- 
tion it has given of the establishment of a state geological sur- 
vey by a state legislature and the entrusting of the same to the 
state's university. It is not an uncommon thing now, but when 
the Minnesota Survey was submitted to tiic Board of Regents 
of the State University, it was a novel and unheard of proceed- 
ing, and its progress was J^crutinized closely by the authorities 
of other states. The original law was carried out witliout a 
single change. The plan of progress and of the report, wliich 
was adopted the first year of the survey, was faithfully carried 
out to c(^niplction and without a single intcrruptic^i, lasting a 
period of twenty-eight years, i.e. from 1S72 to n^oo. 
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In 1884 I had the pleasure and honor to read to Section E, 
as its chairman, a vice-presidental address, the burden of which 
was to show the varied interpretations that had been given to 
the Archean and Huronian rocks of the Northwest, and to at- 
tempt to tabulate the parts, as then understood, in a systematic 
scheme. The conclusion of that address was a statement that 
utter confusion reigned, and that no order or classification 
<:ould be presented. Today that statement would not be true. 
After prolonged and careful field examination and minute 
work in the laboratory the order of the main parts of the Arch- 
ean is recognized, and unanimously adopted by all the geolo- 
gists who are at present concerned in Archean geology in the 
lake Superior region. The only differences now extant pertain 
to the naming of the parts, and the comparative rank which 
the various features of Archean geolog\' should maintain in 
the general scheme. There are also many differences of detail 
as to origin and relationship of the various rocks, but a great 
advance has been made in the establishment of a recognized 
general scheme. The next twenty-five years may result in as 
marked progress in the settlement of these minor questions. 
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Esquisse strati graphiquc ct pctrographiquc du Bassin de la Tafna (Al- 

gerie). Louis Gkntii.. 5 plates (3 geological charts). 536pp. Algiers,- 

1902. Adolph Jourdan. 

Previous to this publication, 211 papers or memoirs had been pub- 
lished relating to Algeria, as listed by the author, most of them in the 
French language, but the earliest was that Dr. Shaw in English, in 
1743. The province was occupied by the French about 1830. 

The oldest rocks of the region described may be Archean, but, al- 
though they are styled "primitive" by the author, their characters depart 
considerably from well-knuwn Archean. They occupy but a small 
geographic area, but they arc found in the form of bombs thrown out 
by volcanic action of recent date, also in the area of the Triassic gyp- 
sum. They are essentially garnetiferous gneiss with sillimanite. The 
oldest sedimentary rock of ascertained age is Permian and its age is 
expressed doubtfully. The most of the region described and mapped is 
occupied by Cretaceous and Tertiary rocks and their eruptives, and by 
later eruptives. 'J'he valley of the Tafna is in the extreme western part 
of Algiers. Near the western margin is the granite of Nedroma which 
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is overlain by a Permain conglomerate "and is hence Primary" (p. 97). 
The author assigns to the Permian certain andesitic eruptions in the 
vicinity oi Miliana, and elsewhere, analogous to the porphyritic eruptions 
of several places in Europe. 

The sedimentary rocks are described in detail, and are illustrated 
by numerous figures showing their structural relations ; and the accom- 
panying fossils are listed. The author describes the singular and ap- 
parently numerous blocks of igneous rocks, and isolated bosses, which 
are scattered in the sedimentary areas. 

"The acid rocks within the Triassic area are everywhere granites, 
composed of mwscovite, amphibole, garnet of a light color, very acid 
feldspar varying from oligoclase-albitc to albite; but these species 
result at least partly from secondary actions : in fact there exist all pos- 
sible stages between the two feldspathic extremes. One is in the -pres- 
ence of the phenomena of albitization of calci-sodic plagioclases, as in 
the case of the granites of Pelvoux studied by Termicr.* By the side 
of these plagioclases flius transformed, are deposited, in the openings 
and fissures of the rock albite crystals that are evidently secondary. This 
albitization is produced indifferently in the types with micas, and in 
those, more basic, with amphibole. 

These granites have frequently undergone crushing and lamination 
which have protoundly modified their structure. (I^tourneux, Bel Ab- 
bes, etc.) ; they have thus acquired a pseudoporphyritic structure, pre- 
senting beautiful instances of the cataclastic structure. Further, it is 
worthy of note that the albitization of the calci-sodic feldspars began, 
perhaps, before the mechanical reconstruction of the minerals of the 
rock, but that it was prolonged, without any doubt, after the influence 
of orogenic action. Finally, dynamometamorphism of these granites was 
not accompanied by the phenomena of the recrystallization of their ele- 
ments as has been described for many regions." 

It might be supposed, perhaps, that the albitization of the feldspars, 
noted by the author, is a species of the recrystallization to which refer- 
ence is made by other petrographers. 

Among the basic rocks Dr. Gentil has observed, several of those 
peculiarities that have been described in the Pyrenees by I^iicroix. 

'i'he Tertiary and later eruptives are not described with equal care. 
The purpose of the author having been mainly to ascertain their extent 
for the construction of his geological map. and the main succession of 
parts. 

The absence, in this volume, of a suitable presentation of the mag- 
mat ic and chemical relations of the igneous rocks described is explained 
by the author by the statement that such investigations arc reserved 
for a future memoir. This second publication will be welcomed by all 
geo]«)j>ists and especially by petrographers. for Dr. Gentil. who is a 
native of Algiers, ha^ not only spent much time in the field studies and 
in the la])oratory work, but ha.^ laid a foundation f«.)r a pn)ft>und di>cns- 
sion of some of the questions wliirli agitate at ])rcsent the pctrojJtrafiluTS 
of the world. n. h. w. 



• Comptes Hendus, lli-t, pp. 317-3'JO. 
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Ellcnshurg (Washington) Folio. By George Otis Smith. (Geol. Atlas 

of the U. S., folio No. 86, 1903.) 

This district is in south central Washington on the border between 
the eastern slope of the Cascade mountains and the western part of 
the great plain of the Columbia. The rocks are mainly volcanic, consist- 
ing largely of two series of basals (called the Yakima and the Wenas 
basalts of Neocene age. Later flows of andesyte, dating from the 
Pleistocene, occupy some of the valleys, and there is a series of fluviatile 
deposits which are at times interb'edded with the later (Wenas) basalts. 
To these sediments the term Ellensburg formation is applied. The wider 
valleys contain deposits of Pleistocene alluvium and gravel. 

One of the most interesting parts of the description of this quad- 
rangle is Dr. Smith's explanation of the physiographic features of the 
district After the deposition of the Neocene basalts and sediments the 
district was gently folded and eroded to a peneplain. An uplifting and 
gentle folding of the peneplain surface then took place, and erosion 
again began its work, continuing to the present day. The main stream 
of the district is the Yakima which flows southward near the eastern 
edge of the quadrangle. This river was able to maintain its course 
across the rising east-west folds of the last period of orogenic movement 
and is deeply intrenched in canyons where it crosses these ridges; the 
Yakima is thus regarded as an antecedent stream. The smaller streams 
of the district flow eastward to the Yakima and are, at least in a number 
of instances, confined to the axes of the synclines, which have been 
little eroded since the warping of the peneplain surface. These streams 
are thus consequent in nature, and the ridges separating them are anti- 
clinal in structure. u. s. g. 

United States Geological Surz'cy. Chicago Folio, No. 81. William 

C. Alden. 1902. 
United States Geological Sun'cy, Masontown-Uniontoivn Folio, No. 

82. Marius R. Campbell. 1902. 
United States Geological Sunry, Ditncy Folio, No. 84. M. L Fuller 

AND Geo. H. Ashley, 1902. 

Probably there is no geological publication extant that excels these 
folios in the exactness of the information given, in the fullness of 
description, the clearness of presentation, the time and expense involved 
in the preparation, the excellence of the engraving and printing and 
the cheapness at which they arc sold to the public. 

The work of some of the early years of the I'l'nited States Geolog- 
ical Survey was severely criticised, both for its lack of correct cor- 
relation and its inaccurate topography. Those faults may be ascribed to 
a shifty and somewhat imsy^tcmatized method of procedure, errors that 
arc incident to any enterprise of great scope at the time of its incep- 
tion. But of late these faults have been eliminated and no one seems to 
have the ability, if he had the disposition, to point out errors or to 
suggest inprovemcnts. 

These are truly "final reports,'' constructed on the same idea, but 
not always on the same plan as most of the "county reports" of the 
state surveys, but including areas that disregard county boundaries, 
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usually somewhat larger than a single county, bounded by geographic- 
al meridians and parallels. The reports present, not the details of 
structural observation, but generalized descriptions, with references to 
publications where more detail can be found. In important regions, such 
as involve large economic interests, numerous columnar sections of the 
strata are given; the areas are described from every geologic point 
of view. 

The prices of these folios, and of all other publications of the sur- 
vey can be ascertained by addressing an inquiry to the Director of 
the survey at Washington. n. h. w. 

Report on the Geology of Louisiana, containing special papers by differ- 
ent authors; based on the work of three field seasons, 1900, 1901 
igo2. GiLBEKT D. Harris, Arthur C. Veatch and Jov. A. A. Pache- 
co, Baton Rouge, 1902, made under the direction of the state experi- 
ment station, William C. Stubbs, director. Pp. 288, 10 plates. 
The managers of the Louisiana state experiment station have 
shown wisdom not only in the initiation of this survey but in the 
selection of geologists to make it. It is, so far as known to the writer, 
the first and only instance in which the necessary alliance between 
geology and agriculture has been recognized by the use of the funds 
of the "experiment station" of the state in an examination of the geo- 
logical structure. It is to be hoi)ed that the good showing that is 
made by Dr. Harris and his assistants will induce the state legis- 
lature to make financial provision for a continuance and extension of 
this survey. Previous to this report a short "preliminary report" by 
W. W. Clendenin has appeared, under the same auspices (1896), and 
Dr. Otto Lerch began the "geological and agricultural survey" in 1892. 
It has been interrupted because of lack of funds. n. \i. vv. 

Notes on Cambrian Faunas, by G. F. Matthew, L.L.I)., ivith descrip- 
tion of a neiv species of Metoptoma. [Trans. Roy. Soc. Can.. 2d 
Ser., Vol. VIII, Sec. IV, p. 93]. 

The principal "note" in this group of short papers is on the oboloid 
shells of the Cambrian system in Canada and is accompanied by a plate 
showing the several Oboli that have been found in this region. It is 
shown that there is a wide difference in the arrangement of the mus- 
cles that hold the valves together, and hence it is inferred that though 
similar to Obollus in form they are not closely related to the type 
of this genus. By a table of the Cambrian zones it is shown that all 
of these species except one are older than the typical Obolus apoUonis. 
The next note relates to the development in size of the inarticulate 
brnchiopod of the basal Cambrian, showing that all the genera except 
Acrmhyra increased the size of their valves during the progress of 
Cambrian time, 

'ilic tinrd note contains a suggestion that the Upper Etchoniinian 

fauna (ha^al Cambrian) invaded eastern Canada from tlio ^olllh\vc^t. 

The fourth note is a review of the brachiopods of the Caml^rian 

fauna of \[t. Stephen, with the description of a new specie- of 

Mel(5i)t(jnia. 
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Bulletin of the United States Geological Survey No. 196; Topographic 

Dezeloptiient of the Klamath mountains. By Joseph S. Diller. 

The Klamath mountains extend north and south from the 43d paral- 
lel in Oregon, to the 40th in California. On the northwest they are 
separated from the coast by the Coast range of Oregon, and on the south 
west by the Coast range of California. The Cascade and Sierra Nevada 
ranges bound them on the east and in the southeast the Sacramento 
river has pushed its valley to their foothills. 

Going as far back as Cretaceous times .there is evidence that the 
Sierra Nevada reigon was land and that its streams were carrying sedi- 
ments which were deposited on the submerged Klamath mountain region- 
Subsequently elevation brought the sediments above sea level and erosion 
removed the greater part of them. Beginning at the close of the Eo- 
cene times, there can be traced, in the Klamath mountain region, six- 
teen stages of development which took place during Miocene, Plio- 
cene and Pleistocene times. 

Stage I. — In early Miocene times an uplift took place and initiated 
the cycle of erosion which formed the Klamath peneplain. Its record 
is now to be found in the flnt tops of the dissected plateau which forms 
the Klamath mountains. Its formation was due to erosion which was 
subacrial toward the east and marine along the western edge. Evi- 
dence of this shore action is shown in the series of terraces which rep- 
resent ancient sea beaches. They are well exposed on the Oregon coast 
about Port .Orford where they rise in three steps, from the coastal 
plain to the level of the Klamath peneplain. The marine deposits of the 
Klamath stage are at the same horizon as the Empire beds whose age 
establishes the age of the peneplain as late Miocene. 

Stage 2.- -This period of erosion was followed by a dislocation of 
the Miocene deposits resulting from the erosion of the Klamath pene- 
plain, ihe uplift caused little distufbance in the Klamath region but the 
force compressed and faulted the Miocene beds, giving them a north- 
easterly dip. 

Stage 3. — After the elevation erosion began in the Miocene sediments 
and continued in the Klamath peneplain. As a result of the degradation 
of the Miocene beds, the Bellspring ])eneplain was formed. It cannot 
always bo distinguished from the Klamath but the remnants remaining 
are snnlficicnt to establish its existence. In origin it is similar to the 
Klaniatli peneplain but erosion has reached a more advanced stage be- 
cau>e of the softness of the Miocene rocks. 

Stage 4. — The Post Bellspring uplift affected all this region l)Oth in 
Oregon and in ra]ifi>riiia. The amount of elevation was five hundred 
feet along the coast with increase to two thousand feet at the crest of 
the range. It 1)roui:lit about a working of the Klamath and Bellspring 
pene]»lains and it is in these disturbances that their irregularities are 
(inc. 

Staj^c 5. — A^ a result nf this uplift the ff)rmation of the Sherwood 
poiu'pkiin was !)ec:un. Its greatest extent is about the south fork of Eel 
ri\er nnd about Sherwood where it is five hundred feet lower than the 



258 The American Geologist. ^p"^' i^^^. 

level of the Bellspring peneplain. Earlier valleys found in the Klamath 
penq)lain can be traced to the Sherwood stage. 

Stage 6. — Another uplift of five hundred feet closed the Sherwood 
stage and affected the whole Klamath mountain and Coast region. The 
streams began to work with renewed energy and to carve out broad 
valleys. These valleys of the Gaberville stage are marked features of 
the upland and are in strong contrast to the narrow valleys of later age ; 
one of the best examples of these broad valleys is seen in the 5>outh 
Fork of the Eel river where it cuts across the Sherwood peneplain. 

Stage 8. — After the Gaberville stage there was a subsidence accom- 
panied by the formation of lakes and swamps. The tide was admitted 
for a long distance up the Trinity drainage, and here were deposited 
the fluviocstuarine sediments of the Hay Fork stage. Stage 9. — They 
are conglomerates, sandstones and shales containing shark's teeth 
and Miocene leaves. The earlier valleys carved in the Sherwood 
and Gaberville stages were filled with sediments and carved again 
after the next uplift. Stage 10. — This uplift took place in the beginning 
of Pliocene times and raised the land six hundred feet above the present 
level. The Hay Fork sediments were displaced and tilted. 

Stage II. — The Continental lx)rder stage which followed was accom- 
panied by the removal of a large amount of material. The streams had 
a steep grade and the soft rocks furnished them with abundant tools. 
Along the coast erosion was greatest and a great thickness of Miocene 
deposits was removed while deep valleys were cut in the continental 
border plain. Stage 12. — The Post Continental subsidence of seven 
hundred feet brought the land below its present level, and sedimentation 
began on the eroded surface of the Miocene beds. The rocks of this 
period. Stage 13. — are known as the San Diego beds of the Battery 
Point stage. 

Stage 14. — Subsidence continued until sea level became that of the 
Sherwood peneplain. The shore was terraced by marine action. At the 
same time. Stage 15. — an ui)lift began so that we find series of shore 
terraces capped by Pleistocene deposits. Stage t6. — The last movement 
has been one of subsidence which has admitted the tide into many of 
the rivers. The present coast from Coos bay to the mouth of the 
Eel river is rocky except in three places where there are coastal plains, 
arable and populous. 

This outline of events which have shaped the present topography of 
the Klamath mountaia region embraces the main features of Mr. Dillcr's 
paper. It has necessarily disregarded the detailed discussion of various 
localities, which make up a large part of the bulletin. 

There i<, beside*^, a supplement which deals with the age of the rocks 
in the Klamath mountains. No fossiliferous rocks older tlian tlie De- 
vonian have been recognized but in addition to them, limestone of the 
Carboniferous, and slates and conglomerates of Jnra-Tria<< and Creta- 
ceous age have been determined, .\ssociated with these sediments i>; a 
wide range of igneous rocks, both plutonic and volcanic. a. j. 
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PERSONAL AND SCIENTIFIC NEWS. 



Professors Raphael Pumpelly and W. M. Davis an 
about to start on a journey in western Asia to occupy four O] 
five months. They propose to cross the Caspian sea iron 
Baku and then take the railroad to Merv and Samarkand : th< 
return will probably be made across the plains past the Ara 
sea to Orenburg in southeastern Russia. 

Extinct Bison from. Alaska. Dr. J. F. Whiteaves de 
scribes in the Ottawa Naturalist four crania of Bison founc 
in the auriferous gravels of the Klondike district from eighteei 
to forty-five feet below the surface. He considers that the] 
all probably belong to Bison crassicornis of Richardson 
"They are all obviously of no great antiquity, and show n< 
traces of mineralization." 

A Fossil Mammoth's Tootii was found recently at Giv 
en, in Manaska county. Iowa. It was still in the socket of th< 
jaw, which was broken fortunately so as to expose the man 
ner of insertion. It was brought to Minneapolis by Supt. A 
B. Cutts of the Minneapolis and St. Louis railroad. 'Hiis ii 
in southeastern Iowa, in the valley of the Dcs Moines river 
and in the general area of the Kansan drift. 

The Geological Department of Harvard University 
offers for the following summer a field course in geology ii 
the mountains of southwestern Colorado. Selected areas ii 
the Needle Mountain district will be mapped, after a familiar 
ity with the rock series has been acquired by a study of th< 
section exposed in the Animas Canyon. The more importan 
mining districts of the San Juan mountains will be visited 
The course will begin about the first of July and continue fiv( 
weeks. It will be conducted by Mr. Chas. H. White who wil 
send a descriptive circular on application. Mr. White's ad 
dress is, Rotch Building. Harvard University, Cambridge 
Mass. 
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THE PLEISTOCENE GEOLOGY OF THE CON- 
CANNON FARM, NEAR LANSING, KANSAS. 

By N. II. Winch BLL, Minneapolis. 
PLATES XV— XVIII.« 

It is well known that in America for tlie past twenty 
years, as formerly in Europe, the question of the Pleistocene 
age of man has divided geologists and anthropologists into two 
antagonistic groups. The writer has not participated in this 
dispute, having been occupied w^ith other lines of geological 
research. It is true that w^hen he found, in 1877, the quartz 
chips at Little Emails he considered them pre-glacial, i.e. pre- 
Wisconsin. -In the literature of the lengthy discussion which 
has arisen concerning those chips and other reported discov- 
eries of glacial and pre-glacial man in America, will be found 
nothing further from his pen until 1902, w^hcn he had occasion 
to re-examine the Little Ealls locality in the light of the re- 
sults of the Minnesota Survey touching the Pleistocene geol- 
ogy of the state. In a chapter in **Kakabikansing,'' by J. V. 
Drowcr, the writer abandons his first announced opinion and 
refers these chips to that period when the ice was still in the 
central and northern part of Minnesota, while its dissolution 
maintained a vastly swollen river in the Mississippi valley at 
Little Ealls. Eor Little Falls therefore these chips are post- 
Glacial, l)Ut for the state and for the general region, they date 
from glacial time, i.e. the closing stage of the Wisconsin epoch. 

The writer therefore approached the question of the age 
of the Lansing skeleton in an un(listurl)ed and judicial frame 

•Plates XV and XVI arc reprodwccd from the American Anthropologist, hy 
ptrmission of the editor of that magazine. 
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of mind. He made a somewhat careful and prolonged study 
of the environment and of the materials in which the skeleton 
lay. He has elsewhere given the result of that study* He 
was compelled, by the evident force of the circumstances, to 
assign the skeleton to glacial time, and more definitely to pre- 
lowan time. The materials in which the skeleton lav are of 
the nature of geest. The material overlying the geest is up- 
land loess, of the mixed nature of much of the upland loess 
in southwestern Minnesota and in Iowa, formed contemporary 
with the lowan ice-epoch, but showing some of the effects of 
the prevailing waters of the valley in which it was deposited. 
It is not the writer's intention to review the evidence on which 
that conclusion is based. 

Since the writer reached that conclusion, however, profes- 
sor Chamberlin has published in the Journal of Geology y^?i re- 
markable paper on "The Geologic relations of the human relics 
of Lansing, Kansas," to which the writer will here give special 
atteption. He has no desire nor interest, nor any predetermin- 
ation to subserve in sustaining the pre-Glacial (pre-Wiscon- 
sin) or the post-Glacial age of the Lansing skeleton. He wishes 
simply to contribute somewhat to the correct interpretation of 
the facts bearing on the age of the Lansing skeleton. 

In the discussion alluded to, by professor Chamberlin, oc- 
cupying thirty-four pages of the Journal of Geology, the first 
ten pages are occupied by an illustrated introduction and an 
"academic statement" of the operation of scour-and-fill in river 
bottoms, concluding with the following: 

If excuse for this academic statement is needed it is found in its 
special application to the case in hand : for either action of the kind 
just set forth is to be accepted as an elucidation of the case, as in the 
preferred interpretation that follows, or it is to be shown incompetent 
for such elucidation before we permit ourselves to go back of this 
action to earlier agencies. It is a vital principle of good practice that 
the agencies and phenomena nearest at hand be first considered, and if 
the case requires, be eliminated before recourse be had to more remote 
agencies. This is peculiarly true when, as in this case, the agencies 
closest at hand have quite certainly swept away the most of a more 
ancient record in making their own. 

The ten pages devoted to scour-and-fill, if they have no 
application to the case in hand, as appears to the writer, can 

• Presidential address. G. S. A., Washington, 1902. Bulletin, vol. xiv. 
t October-November, 1902. pp. 74r> 779. Published about December IS. 



Lansing Pleistocene Geology. — Winchell, 265 

tje set aside as mere academician's play, but with full accept- 
ance of the principle quoted above; for with the non-applica- 
bility of that academic discussion there can be no application 
of the recent agencies — closest at hand in time — to which it 
refers. 

Essential Points of Professor Chamberlin's Discussion. 

In the course of the discussion of the special case professor 
Chamberlin makes the following points : 

1. *'The upland surface is mantled with loess and loam, . 
the main portion of which is probably referable to the lowan 
stage." 

2. The tributary valley is well adjusted in its debouchure 
upon the bottoms of the Missouri valley. 

3. The Missouri river rock-bluffs at the point where the 
tributary valley joins the Missouri "have been abruptly trun- 
cated by the waters of the Missouri," recently, i.e. since the 
Wisconsin stage, meaning thereby that the lateral erosive av, 
tion of the Missouri has not only uncovered the preglacial rock 
bluff but has eaten further into it. 

4. "The tributary valley is not occupied by a constant 
stream, but by periodic run-off." The channel at present is in 
a slightly aggraded and apparently still aggrading stage. 

5. The Missouri valley is in a degradational stage, i. e. 
the plane of its bottoms is being sunk deeper between the 
bounding rock bluffs. 

6. The depth of the aggradation deposit at the mouth of 
the tributary **is not known to me, but it is probably not many 
feet." 

7. The lower three or four feet of the materials pierced by 
the tunnel "is composed mainly of limestone fragments and 
earthy debris, a part of the latter seeming to come from the 
Carboniferous bc(i», a part from the glacial drift or loess, and a 
part from the river and valley wash, in short a rather hetero- 
j^eneous mixture." 

8. **About three feet above the floor on the western side 
there is a definite layer of dark highly calcareous clay less 
than three inches in thickness, but it does not appear on the 
opposite side." 

9. ''Even in the inner end of the tunnel the silt [i. e. the 
upper part of the materials pierced by the tunnel. N. H. W.] 
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is notably mottled, in part irregularly and in part in bands 
more or less horizontal, as though controlled by stratification, 
though the staining is probably secondary/' 

10. In an offset tunnel at right angles to the original tun- 
nel, running eastward eleven feet from the place of the adult 
skeleton, the "silty formation has been slightly fissured along 
a number of lines by tensional action and the little crevices 
filled with a grayish- whHe, soft deposit that effervesced very 
promptly with acid, implying calcium carbonate. Here "the 
vague structure lines dipped eastward irregularly." 

11. The definite clayey band found near the base in the 
tunnel pinches out toward the west in a few feet, and does 
not appear on the east side. It is *Very homogeneous and pe- 
culiar, as well as very fresh and calcareous." 

12. Small fragments of "softened limestone" w^ere so 
abundant in some parts of the walls of the open trench cut by 
Mr. Fowke that the walls presented a "mottling with white 
chalky spots made by the spade in mashing and spreading 
them." 

13. In thie walls cut by the spade the main material is a 
silt "somewhat closely resembling loess." but containing frag- 
ments of limestone, and shale "and other debris incompatible 
with a typical loess deposit," without distinct stratification or 
assortment, but sometimes presenting "a gravelly aspect." 

14. A few drift pebbles and not a few pieces of charcoal 
were found in the section, also many land shells and additional 
bones were found by Mr. Fowke, but no unios. 

15. The unio found by Prof. Williston in the roof of the 
tunnel, though having its valves still united, was perhaps intro- 
duced through human agency, and is not a reliable evidence 
of a subaqueous origin of the deposit. 

16. The deposit containing the skeleton is of limited ex- 
tent, formed by wash, "but not a stream deposit, nor a lake de- 
posit nor any other form of purely subaqueous deposition. T 
should identify it as a typical aggradation deposit of the ravine 
and basal slope type when the hillside environment was Car- 
boniferous limestone and shale mantled with loess." This 
idea is illustrated by fig. 13. (Fig. i. of this paper.) 

17. "'J'he material of the one distinctly water-laid layer 
was probably derived from the Carboniferous shales at some 
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special stage of erosion and inundation — some unusual storm 
and flood perhaps — and was deposiled without weathering 
and remained undisturbed except on its borders." 

18. "Tlie main excavation of the [tributary N. H. W.] 
valley probably dates back to tlie post Kansan erosion interval, 
and this was perhaps preceded, and perhaps determined, by a 
prcglacial valley." 

19. "The age of the original valley and of the upland 
mantles does not concern us here unless these lower deposits, 
well down in the axis of the valley and at its junction with the 
great river bottoms, are surely inlieritances from the older 
period, and not adjustment phenomena." 

20. The tributary of the Missouri is narrow, steep-sided, 
steep- bottomed. It may be occupying an antecedent valley 
above its mouth but the adjustment phenomena at its mouth 
indicate that it is in a new channel fashioned by recent agen- 
cies. 

21. It is a rare case where a new channel exactly coin- 
cides with the old channel, as when for instance in the creation 
of the Missouri river by many antecedent rivers — the later 
channels would rarely be in coincidence with the earlier [say 
prc-Iowan] channels, especially at their debouchures upon the 
valley of the Missouri. 

22. The Wisconsin glacio-fluvial deposits are wanting at 
Concannon's; and, assuming that they have been carried 
away by the Missouri, there is less reason to expect that the 
lighter and more erosiblc fluvio-glacial deposits of the lowan 
are preserved. 

23. The human relics are in "a little rehc-bcaring deposit," 
fi>rmed by a combination of agencies. The Missouri river 
flowe<l past the site with a surface about level with the floor 
nf the tunnel. In flooclstagc It rose twenty feet higher and 
built a tloodplain as high as the "little relic-bearing deposit" 
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ascends, i. e. about twenty feet above the upper surface of the 
limestone forming the floor of the tunnel. The Missouri was 
diverted to the other side of its channel. There was a wash 
from the adjacent hills, the little tributary contributed its own 
flood wash, the limestone and the shale were mingled with the 
debris, a little drift (Kansas age) came from the region, and 
the human remains were buried cither in the latest part of the 
erosive stage or earlier part of the flood-plain-building stage. 
This all took place since Wisconsin glaciation. "The antiquity 
of the burial is measured by the time occupied by the Missouri 
river in lowering its bottoms, two miles more or less in width, 
somewhere from fifteen to twenty-five feet, a very respectable 
antiquity, but much short of the close of the glacial invasion." < 

Professor Chamber Hit's points separately considered. 

It may be conducive to the proper appreciation of these con- 
clusions to consider them, by number, somewhat seriatim, and 
to make sundry references and comparisons. 

No. I, we have no reason to call in question. We will 
simply remark that it necessitates the extension of the same 
lowan loess into all pre-existing valleys and gorges except 
where it can be shown that it has been replaced by some later 
deposit, or has been excavated without rcjplacement. The pre- 
sumption is that it subsists in the old valleys. It is therefore 
the first general fact that confronts the unbiased investigator. 
The writer would refer here to the discussion of the upland 
lowan loess and its methods of accumulation and its composi- 
tion and variation by Mr. W. J. McGee in the eleventh annual 
Report of the United States Geological Surv,ey,* and to the 
epitome recently presented in the writer's retiring address to 
the Geological Society of America. If one I)e seeking for 
agencies "closest at hand in time" he may ignore this great 
fad, but in so doing he might ignore the agencies closest at 
hand and most obtrusive in nature. 

No. 2. There is no reason to question the present approxi- 
mate adjustment of the flood-plain debris of the tributary with 
the flood-plain debris of the Missouri. It could hardly be 
otherwise with any stream that has a little flood-plain of its 
own at the point of debouchure upon a larger stream, wbat- 

* Op. cit.. Pleistocene History of Northeastern Iowa. 
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ever may have been the earlier history of their relations. Such 
present adjustment, however, has no necessary causal relation 
to the past history and relations of the two streams. It is but 
the expression of the present moment, and, in this case, bears 
no significant relation, in the opinion of the writer, either to' 
the past history of the streams or to the question under investi- 
gation. These streams, as it appears* to the writer, have had a 
long history, with mutual adjustment relations, going back to 
a remote point in Pleistocene time. 

3. The statement made in No. 3 may be true, but it has no 
bearing on the question in hand. It is, however, open to grave 
doubts, since it requires work of the Missouri river since Wis- 
consin glaciation which is in excess of what is known of river 
action on stratified limestones within the area of Wisconsin 
glaciation. This need not be discussed because of its non-im- 
portance, as will appear. 
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4. At this point it will be necessary to refer to the follow- 
ing diagram; in which A represents the point at which the 
lowest rock appears in the creek bottom. At this place there 
is a little rapid spot and a good watering-place for horses. 
The rock exposed is the same stratum as forms the floor of the 
tunnel. R represents the most eastern point at which rock lu 
situ is seen in the south bank of the tributary creek. C and D 
are points situated in the creek valley directly eastward from 
A and B, but on a line coincident with the average line of the 
Missouri bluffs as they strike past the mouth of the tributary. 
E is the entrance to the Concannon tunnel. F is the entrance 
to the open tunnel. G is the quarry on the north side of the 
creek. H is the place of the skeleton. The plan is approxi- 
mately drawn to scale. 

As to the temporary nature of the creek, it is found, by 
following it up, that the valley extends about a mile westward, 
formed by three tributaries that drain about one square mile, 
and that it is wide and deep, but rarely showing rock, compar- 
able with its appearance at its mouth. Mr. Michael Concannon 
has stated in writing: '*In my memory, some thirty or more 
vears, the creek has never been drv above A, while below that 
point it is dry every summer. Between the cellar and A there 
is no rock vissible, but the ledge that is in the creek bottom at 
A is the same that is in the floor of the cellar. The distance 
from A to C is five hundred and ten feet. The distance from 
B to D. is ninctv-six feet. We have never discovered anv rock 
in the north bank of the creek. The quarries on the north side 
are about seventy-five or eighty feet higher than the cave level, 
[and] near the top of the river bluff. Immediately east of the 
[entrance of the] tunnel the creek has excavated its bed twenty 
feet or more, while a little further cast we had a well twenty- 
four feet deep and did not strike bedrock. *' Piles were driven 
thirty feet in the alluvium in the construction of the railroad 
bridge over the creek at its mouth. 

Here is a creek valley, therefore, which has been excavated 
in the rocky structure of the Missouri river bluffs at least sev- 
enty-five or eighty feet, from tlie quarries on the north bhitTs 
down to the level of the floor of the tunnel at E. and tluMice 
(say) twelve feet to the level of the creek's flood-plain, and 
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deeper still at least twenty-four feet below the surface of the 
creek's flood-plain — in all, a known excavation in the Carbon- 
iferous limestones and shales a perpendicular gorge one hun- 
dred and eleven feet deep, with a probability of fifty feet still 
deeper at the creek's mouth, and at least fifty feet of strata 
lying above the quarries on the north side. In other words, 
this little "periodic run-off" develops, on being examined, into 
a constant stream occupying an ancient gorge that dates prob- 
ably from pre-glacial time. 

Whether the present channel is ^'aggrading" at the present 
time, while the bottom land of the Missouri adjacent is in a 
dcgradational stage (No. 5) is beyond the scope of the writer's 
immediate apprehension. He can only state that it would be 
a condition of contrariety at the point of junction jof two 
streams which appears singular, if not inconceivable, and es- 
pecially in the light of the perfect adjustment which is affirmed 
(in Xo. 2) as a concomitant condition. 

5. Whether the bottom land of the Missouri at the Con- 
cannon farm is at present being lowered as the resultant effect 
of scour-and-fiU, or is being raised, the writer has no positive 
data by which to form any opinion. That the Missouri river 
once flowed past the site of the Concannon farm with its sur- 
face from fifty to seventy-five feet lower than at present, as 
all along its course in its pre-glacial gorge, there is abundant 
evidence to show. That this deep rock -cut gorge was affe^i; 
l)y the recurring glacial epochs cannot be questioned, and that 
it was filled to its brim, and sometimes beyond, by the lowan 
epoch is demonstrable. That this filling was by water at cer- 
tain latitudes, by silty water at others and by silt, called valley 
loess, at others is perhaps equally demonstrable. That this start- 
ified valley loess, at still higher latitudes, grades insensibly into 
the upland loess, losing gradually its preference for the immed- 
iate valley, and pari passu its water-laid structure and assort- 
ment and that this loess has been re-excavated by the stream, is 
in the opinion of the writer as evident as any geologic principle 
of Pleistocene time. That this re-excavation was interrupted 
l)y the waters resulting from the Wisconsin epoch of glacia- 
lioii, and the action was reversed, so that a refilHng began, is 
proved by the Wisconsin terraces that now rise higher than 
the river level. That the Wisconsin terraces toward the north 
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are composed of northern gravel derived from the Wisconsin 
glaciers, but toward the south are formed of whatever mater- 
ials the surrounding country could supply, and that they de- 
scend southward faster than the present descent of the rivers 
that formed them, so as to disappear by submergence under 
the wider bottom lands, are propositions that are admitted by 
most Pleistocene geologists. That the Missouri has, in some 
places, excavated a channel into the deposits of the Wiscon- 
sin epoch, forming Wisconsin terraces, and at others has filled 
its pre-Wisconsin channel by additions to its flood plain, is 
quite certain. That this excavation should be toward the 
north and this re-filling toward the south is also quite certain. 
Whether the Concannon farm is above or below the point of 
transition from the latest re-excavation to the latest refilling, 
it is impossible, from any data at hand, for the writer to state. 
It seems to be below% and therefore that the present resultant 
of scour-and-fill at that point is a small addition to the hight 
of the flcodplain. But owing to the importance attached to 
this by the hypothesis urged by professor Chamberlin the 
reader will find a more ample discussion of it under Xo. 22. 

6. The shallowness of the aggradation deposit at the 
mouth of the tributary is very important to the hypothesis of 
professor Chamberlin. If it is deep enough to show ex- 
cavation in the rock in the manner of a gorge it implies that 
the creek occupies an inherited channel, ard that the Mis- 
souri also must have been running at a lower level when that 
gorge was excavated, and no such event has taken place since 
the Wisconsin ice-epoch. The statement of Mr. Michael Con- 
cannon that a well sunk twentv-four feet in the creek bottoms 
a little ^ast of the mouth of the tunnel did not encounter bed 
rock and that piling thirty feet long was driven for the support 
of the bridge, is all the information the writer has bearing on 
this point directly. But inferentially he has much evidence that 
the creek had a pre-glacial adjustment with the ])rc-glacial 
Missouri at a considerable depth below its present adjustment 
plain. In the first place, the whole surrounding topographic 
contour shows that this creek's vaHcy is exactly like almost 
innumerable tributary valleys that enter the Missouri and the 
Mississippi rivers south of the Wisconsin niorainal belt. There 
is no topographic, nor other, reason to exempt it from the 
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uniform character and history of the region, viz : the creek 
occupies an inherited pre- glacial valley, and its buried adjust- 
ment with the trunk stream must be many feet below the 
present floodplain, the intervening distance being the measure 
of the thickness of the total aggradation deposit. In the 
second place the sinking of the water of the creek every sum- 
mer, as stated by Mr. Concannon, below A in figure 2, and 
its never disappearing above A, indicates that it does not flow 
on the rock from A to C, but on the contrarv that it enters at 
A upon a mass of loose aggradation deposit, into which it 
sinks at once. Again, the fact that the massive, level lime- 
stone laver that constitutes tlie floor of the tunnel, sav twelve 
feet above the top of the creek's aggradation deposit, is cut 
away from C to A, a distance ♦of 510 feet up the creek's val- 
ley, shows that there was a water- fall during this period of 
cutting; for this layer of Hmestone is underlain, at the en- 
trance to the tunnel, bv more shalv and erosible beds. From 
B to A this water- fall (or rapid) must have receded, and at 
an earlier date also from C to B. Such durable layer of rock, 
lying between shales above and below, not only must have 
caused a sudden increase in the descending gradient of the 
stream, but must have been the primary cause of the excava- 
tion of a gorge in the softer shales lying below. Hence it is 
easy to infer, given the creek, and the limestone layer, that 
there is more or less of a gorge all the way from C to A, now 
filled by the.aggradation deposit in question. It is not neces- 
sary to dwell on this point. It is impossible to discuss the 
age of this little creek in an impartial and thorough manner 
and exclude such earlv history. 

7. The statement made in No. 7 must be explained by 
reference to some preconceived idea on the part of the author 
supplemented by a hasty and casual examination on the spot; 
for the facts, as ascertained by the writer, are quite at variance 
from it. The thickness of materials to which professor Cham- 
berlin here refers rarely, if ever, reaches four feet. But, what- 
ever it may be as to actual thickness, it will be assumed here 
that he refers to the water-laid silt (3 in. thick) and the ma- 
terials that underlie it. In this the writer could find no "earthy 
debris," properly so called, no "glacial drift," no "loess" (like 
that which overlies the silt laver, or that which mantles the 
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general region), nor any "river valley wash/' nor any "het- 
erogenous mixture/' It is a homogeneous, uniform, exceed- 
ingly fine,, non-effervescing clay, containing only debris from 
the adjacent Carboniferous strata, its nature being more that 
of a residuary clay than anything else that the writer ever 
saw. In its lower portion, and at higher levels where the skel- 
eton was found, are masses of Carboniferous limestone, but 
the leaching and rotting have been so thorough that the cal- 
cium carbonate is not appreciably distributed in the matrix in 
which they lie; but each limestone mass is surrounded with a 
coating, from half an inch to two inches thick, of its own un- 
disturbed residuum. Hence they are slippery, when wet, and 
unhandy to move or to break with a hammer. These large 
limestone masses are more and more frequent toward 
the face of the tunnel, being almost wanting below the silt 
layer at the entrance. The writer made a microscopical ex- 
amination of the substance below the silt layer. After repeat- 
ed decantation from a handful washed repeatedly in a jar, 
from which therefore th^ finest grains were cupposed to have 
been removed, he was surprised to find that the finer of the 
remaining grains and all the coarse ones, were perfectly homo- 
geneous and uniform grains of itself. These homogeneous 
grains showed, still, that they were compound, and consisted 
of aggregations of grains of an excessively fine substance. 
A number of mountings were made, in an effort to ascertain 
the nature of the ultimate particles. In each instance the 
mounted grains showed still their composite structure: until, 
at last, the very dust that adhered to the white paper from 
which the visible grains had been shaken off, was put on the 
slide and covered in Canada balsam. Scattered amongst some 
still compound grains were seen, in the highest powers, the is- 
olated, ultimate grains of the substance. They appeared to 
be entirely of ragged fragments of kaolin, never showing 
any roundness that could be attril)uted to friction under trans- 
portation. When aggregated these fine particles interfere 
with the transmission of light, and, owing probably to the 
presence of a small amount of iron oxide, the small clusters 
api)ear nearly opaque except at the extreme ends of small pro- 
jections. This oxide also gives the brown slain which cliar- 
acterizcs the clav in bulk. 
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A similar examination was made of the stratified silt layer, 
with similar results. If casually examined this silt would be 
pronounced highly calcareous — and so it is en gros. But it 
is apparent, on closer inspection, that this carbonate of lime is 
largely confined to loess-kindchen formed in it, or to encrusta- 
tions and fillings that occupy the numeroirs fissures by which it 
is cut. These fissures are very numerous and very tortuous. 
They cause the dry silt, when excavated, to crumble into a 
thousand polygonal masses that roll out almost spontaneously. 
They are abundantly coated with a white deposit of carbonate 
of lime. When thoroughly washed and freed from this second- 
ary deposition of carbonate of lime, these masses do not effer- 
vesce freely on the application of hydrochloric acid, but if 
they be immersed in such acid there appears a languid attack 
of the acid in the escape of a few fine bubbles of gas, showing 
that the secondary deposition has also penetrated the inter- 
ior of the silt. There is another slight difference observable 
in the microscopical mounting, viz : the silt contains also round- 
ed or angular grains of quartz of much greater size than any 
seen in the clay underlying. But with those two exceptions 
this silt is, microscopically and chemically, identical with the 
clay that underlies it. The character of those two layers, 
taken together, seems to indicate a common origin for the 
bulk of the material of which they are composed; and also 
that the silt is referable to a washing action from the under- 
lying clay; such action having also introduced some coarser 
quartz particles not derivable from the immediately underlying 
clay though probably from the surface adjacent. The absence 
of drift materials from the clay and its scantiness in the silt 
indicate that they originated in pre-lowan time. The addition 
vi lime in excess to the silt is due to the downward leaching 
frcjin the overlying loess. The sample of the silt examined by 
the writer' was obtained near the entrance to the tunnel. He 
is not able to affirm that the little fissures are as frequent, and 
as calcareous, at the other end of the tunnel, but he noticed no 
difference. His sample from the underlying clay was obtained 
near the place of the skeleton. 

Tlie writer is under obligations to Dr. C. P. Berkey for the 
determination of the percentages of carbonate of lime in Nos. 
I, 3 and 4. He has made the following statement: 
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Prof. a;. //. lyiftchcll. 

Dear Sir: — Analysis of the samples of material for lime content 
gives the following results: 

No. I. (Natural) Lime (CaCOa) ■=i.co9% 
No. I. (Washed) Lime (CaCOa) =0.975% 
No. 3. (Natural) Lime (CaCOs) =3.550% 
No. 4. (Natural) Lime (CaCOs) =5.207% 
No. 4. (Washed) Lime (CaCO,) =5.23 % 
Minerological Laboratory. 

Charles P. Berkey. 

These analyses indicate a considerable increase of carbonate 
of lime in No. 4 over No. 3 (from the roof of the tunnel), 
due to downward leaching, whether washed or unwashed. It 
is quite probable that the feeble apparent attack of acid on No. 
4 when washed is in a large measure due to its fineness of 
grain. 

Microscopical examination of the loess (No. 3.) overlying 
the silt layer disclosed grains of several minerals found in the 
crystalline rocks, such as feldspar, hornblende, magnetite and, 
most frequent of all, quartz. These are from 10 to 100 times 
the size of the ultimate grains found in Nos. i and 4. 

8. The silt layer is very evident on the .west side of the 
tunnel Its fissured character has been described. After the 
tunnel had been extended further by Mr. Fowke, and an off- 
set had been excavated toward the east, the characters at the 
inner end of the tunnel, in the east side, as described by i>ro- 
fessor Chamberlin, seem to show that the stratified silt layer 
actually does appear on the east side. These characters are 
mentioned and quoted in his words under No. 10.* 

9. There is no call for adverse comment on Nos. 9 and 10, 
for the writer saw the same features. Those mentioned under 
No. 9 are particularly interesting as they show the wide ex- 
tent of the structure lines apparently controlled by stratification 
in the main loess deposit. They are probably more evident 
in situations near the Missouri river than in the sheltered 
angles, and therefore they apparently increase toward the 
east. Still, in the eastward offset tunnel cut by Mr. Fowke 
the material is wholly geest, and shows no horizontal structure 
lines like those seen in the loess of the main tunnel. The 



• Later examination 8how« that the eastward offset referred to is excavated 
entirely in the fine ^eest, with few residual limestone fragments. The vertical 
jointai^e described by Prof. Chamberlin pervades the whole mass of geest, both 
here and on the face' of the tunnel. 
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writer's sample No. i was obtained in the floor of the offset 
tunnel, a little eastward from the place of the skeleton. 

11. The peculiar character of the water-laid stratum of 
silt, and its calcareous ingredient have been discussed under 
No. 7. Its marked resemblance to the layer on which it lies, 
and their remarkable differences, in structure and composition, 
from the loess that overlies the silt stratum, set them oflf from 
the rest of the materials pierced by the tunnel, and require for 
them an earlier date and a different mode of accumulation. 
(See Appendix.) 

12. How can a limestone become **softened," in the or- 
dinary use of that word, unless it become rotted? Limestone 
does not soften cither by atmospheric exposure or by mois- 
ture, unless it is chemically so changed that it has lost its car- 
bonic acid and has acquired water. Such an alteration can 
hardly be expected in materials deposited by the waters 
of the Wisconsin glaciation, much less by operations of flood- 
drainage within more modern time. These '^softened" lime- 
stone fragments could not have been introduced into this de- 
posit in their present condition, but they must have rotted 
in situ. 

13. The description of the main material cut by the side 
tunnel of Mr. Fowke is nearly as the writer would make it — 
he only would add that the arrangement of the coarse mater- 
ial, whether of limestone or of '*other debris" is sometimes 
in indistinct horizontal bands or belts, and that the other de- 
bris is in part of drift pebbles which are also in the main rotted 
in situ, indicating a longer age than since Wisconsin time. 
Rounded quartz pebbles about half an inch in diameter were 
taken by the writer from some of these belts of coarser debris, 
all the other pebbles having become so * 'softened" that their 
positions were shown by white spots, when of limestone, or 
loose rusty spots when of **other debris." The "gravelly as- 
pect," moreover, so far as observed by the writer, was con- 
fined to such horizontal belts, although the rotted stones were 
seen scattered more or less throughout the mass. The loess- 
kindchen are notably most abundant in the horizontal gravelly 
belts. 

Whether this should be called "a typical loess deposit" de- 
pends on what and where the type deposit is found and when 
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found whether it were acceptable to all. It is unquestionable 
that the usual descriptions of loess, published many years agO; 
and especially those that were applied to the loess, say at 
Vicksburg, Mississippi, or to most of the southern points 
along the Mississippi river, would not fit this deposit. There 
are, however, on record many descriptions, applied to points 
further north, say in Iowa, in Illinois, in Missouri, South Da- 
kota and in Minnesota, w^hich will fit this loess deposit. It is 
chiefly due to the research of Mr. W. J. McGee that the ex- 
treme southern features have been found to fade out toward 
the north, and to be replaced by what might be styled northern 
features, and at last by extreme northern features, the loess 
becoming more and more like the northern drift, and at last 
even passing horizontally, as well as vertically, into the north- 
ern (lowan) till. Some southern geologists long ago con- 
cluded from studies in southern states that the loess of those 
states is a deposit contemporary with the northern drift, but 
they did not elucidate the manner, nor the place, of transition 
from loess to drift in passing toward the north. In like man- 
ner some northern geologists found a contemporary and con- 
tinuous sheet extending from one deposit to the other and, 
while announcing distinctly that fact, failed to define fully the 
manner and cause of such transition. It required examination 
in a middle latitude (Iowa) where, as already stated, Mr. ^.Ic- 
Gee worked on the Pleistocene history of northeastern Iowa 
with great thoroughness and high appreciation of the problem, 
to bring this curious fact, so long wholly unknown, to a clear 
and indisputable explanation and publication. With the light 
thrown on the nature and origin of the materials of the loess 
by the descriptions of Mr. McGee, it is obvious that the typical 
idea of loess is subject to great extension and alteration, and 
hence that the deposit on tlie Cancannon farm, overlying the 
human skeleton cannot at present be excluded from the cate- 
gory of typical loess. The writer has fully discussed this at 
another place,* and will not dwell on it again. He will only add 
that, in his opinion, there is no feature of the deposit lyini^ 
over the Lansing skeleton ( abf)ve the water-laid silt layer ) 
which is incompatible with the designation loess lor the lati- 
tude and the Pleistocene geology of the region. 



•Geological Society of America. Presidential addiess, Washington, 1901!. 
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In order, however, that this transition from the features 
of the loess to those of the lowan till may be made to appear 
widespread, as it is, the writer will add (besides the remarks 
on the discussion of the South Dakota drift by professor 
Todd, given under No. 14) the following references: 

Professor T. C. Chamberlin, indorsed the idea of the trans- 
ition, horizontal and vertical, of the low^an till to loess in his 
introduction to the last edition of Geikie's 'Tireat Ice Age." 
Jour. Geol.j vol, j, p. -?7J, iSp^. 

Professor J. E. Todd, in his description of "the moraines 
of southeastern South Dakota" (Bull. No. 158, p. 93) men- 
tions, among the relations of the drift to the loess, a gradual 
passage from one to the other, essentially similar to that de- 
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Pig. 3. Section of the tunnel parallel with the cross-cut of Mr. Fowke. 

scribed by N. H. Winchell in 1877, in southwestern Minne- 
sota. There arc numerous statements of facts, and some il- 
lustrations by figures, in the same work, that lead to the same 
idea. Professor Todd also quotes Chamberlin to the same 
effect. (Missouri Geol. Survey, vol. 10, p. 210, 1896.) 

Professor Calvin, in his report on Page county, (Geology 
of Iowa, vol. XT, p. 446, 1900) clearly describes the pebbly 
drift-loess of McGce, under the heading '^flooded valley de- 
])(xsits." **In nearly all the valleys of Page county there is 
a formation which in some of its phases resembles loess ; but 
in other of its aspects it is clearly an aqueous deposit. It has 
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evidently been laid down since the valleys reached approxi- 
mately their present depths * * * It is yellowish in color, 
tough, jointed, and obscurely stratified. Unlike loess it con- 
tains occasional pebbles and pockets of sand. A small green- 
stone, two inches long and showing glacial planing on two 
sides, was taken from this silt in the bank of North Branch. 
* * * Above the section described at Braddyville, west of 
the railway track, there is a body of the clay twenty feet thick 
and forming a distinct terrace fifty yards or more in wi:ltli 
at the top. The hard enamelled scales of the garpike, Lepi- 
dosteus, were found in this bed at Braddyville, the scales re- 
taining their proper relations to each other as if the fish had 
been buried at the time the silt was forming. * * * The 
same yellow silt is found beneath sandy alluvium in the val- 
ley of Buchanan creek, east of Braddyville. It is well shown 
in the bank of the Nishnabotna river west of Essex, where it 
is overlain by six feet of a fine, loess-like silt and two or three 
feet of black loam. At the Rankin Brothers' brick yard at 
Shenandoah the section of the clay pit shows 

3. Loess-like clay 8 ft. 

2. Bluish, stratified clay, clearly an aqueous deposit, but 
flexed more or less as if laid down on an uneven 
surface 8 ft. 

I. Porous, dark, granular clay 7 ft. 

#^% #^% ^^^ ^^^ f^ ^^^ ^^^ ^»^ 

**Xos. I and 3 resemble loess, but No. 2 records a distinct 
episode between the more recent and the more ancient period 
of loess formation, during which the valley was temporarily 
flooded." 

'*The distribution of this deposit is practically imiversal in 
all the valleys below a certain level." Professor Calvin sug- 
gests two hypotheses for the date and origin of this material — 
one, that it was deposited during the Kansan epoch by the 
melting of the Kansan ice, the other that it resulted in the 
same manner round the margin of the lowan drift, the latter 
being the explanation now generally accepted. Pagfc county 
is one on the southern boundary of Iowa not far from the Mis- 
souri river, and almost due north from Lansing. 

Professor J. A. Uddcn, in describing Pottawattamie county 
(Geol. Iowa, vol. XI, j). 260) situated a little northwest from 
Page county, but bordering on the Missouri river, says that 
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in the loess, meaning here the upland loess, the lower half of a 
deposit ninety feet thick, near Loveland, on the Boyer river 
is "pebbly." 

Mr. H. F. Bain gives (Geol. Iowa, vol. 5, p. 276, 1896) 
important instances of the cotemporaneous deposition of north- 
ern till in the loess, with illustrations. . This is in Woodbury 
county, bordering on the Missouri, north of Pottawattamie 
county. 

He remarks that, for the exposure near Riverside station, 
the explanation has been offered of "a slipping of till and 
loess from higher levels down into a lower terrace of loess. 
At another point, however, he claims that, whatever the case 
at Riverside station, that explanation cannot apply. It is at 
a sand pit northeast of the Brugier bridge, and he gives a full 
page photographic illustration. This exposure is "about 150 
feet above the river, and the till is above any similar deposit 
known to occur in this vicinity. The exposure shows a bed of 
typical till consisting of a matrix of dark brown clay, in which 
are numerous boulders of Sioux quartzyte (one of these is 
pointed out by the hammer) and other northern rocks, with 
loess of the usual character, both above and below. * * * 
The presence of the till in the loess indicates the cotempor- 
aneous origin of the two deposits, and it setrms clear that in 
this case the explanation offered for the Riverside exposure 
cannot suffice, even if in that it be deemed sufficient." 

Such descriptions could be multiplied. 

14. These features arc usual in the drift-loess further 
north. Thev have been mentioned bv Todd in his account of 
the moraines of southeastern South Dakota and their attendant 
deposits,* although in his descriptions professor Todd strives 
to sustain a distinction between the loess and all forms of drift. 
It is plain, however, tliat such distinction was difficult (see 
pages 80, 82, 84, 88 and 89, of Bulletin No. 158). The terms 
till, or pebbly till, pebbly clay, or simply drift, are sometimes 
applied by him under the force of a theoretical distinction 
where the term loess would also apply; and in some cases, 
without a theoretical distinction, would be preferable, especial- 
ly in those exposures of pebbly "till" which he ascribes to sub- 
aqueous deposition (pp. 65 and 66). According to Todd char- 

• Bulletin No. 158, V. S. G. S.. 1899. 
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coal is a common feature of the loess near its base. Todd also 
frequently mentions, and sometimes illustrates in his figures, 
a stratum or several strata, of stratified silt near the bottom 
of the loess, such as, according to professor Salisbury, are ex- 
ceedingly rare at the bottom of the loess, and which are com- 
parable to the silt layer at the base of the loess at the Concan- 
non farm. 

15. The Unio which was taken from the roof of the tunnel 
at the Concannon farm by professor Williston and Mr. Long 
was shown to the members of the party, and to the writer, at 
the time of its extraction. It has been stated that its valves 
were still united, but of that the writer knows nothing fur- 
ther than the statement of professor Chamberlin, p. 769. In 
case this Unio were a true fossil, it would be, of itself, suffi- 
cient proof of the subaqueous deposition of the materials in 
which it lay. Land shells may form fossils in aqueous depos- 
its, but never water shells in land deposits. It is, a priori, 
however, the strongest evidence of sub-aqueous origin of the 
loess in which it was found, and the agreement which it has 
with the obvious other features of the deposit serves to ac- 
cumulate such a weight of testimony in the same direction that 
it requires the greatest hardihood to attempt to explain it on 
the hypothesis of land origin of that deposit. 

16. The statement here made shows the needlessness of 
the * 'academic statement'* concerning scour-and-fill, for this 
complete statement of theory makes no appeal to scour-and-fill. 
Indeed, it is evident, from the position of the tunnel as shown 
in fig. I (Prof. Chamberlin's fig. 13). that the Missouri river 
is shut off from access to the place of the skeleton by the 
Carboniferous bluff. It might reach it by back-set of water, if 
it were ever high enough, forming a bayou up the creek's val- 
ley, but the operation of scour-and-fiill is confined to the chan- 
nel of the river. 

As to the extent of the deposit, containing the skeleton — 
that is not determined by any facts yet brought to light. It 
appears to be the same deposit that covers the region. It as- 
cends the higher sloi)es, i.e., unless some distinction can be 
made to appear by future exploration, fills the ravines and 
gorges adjacent, and is not terraced or otherwise topograph- 
ically or areally set off as separate from the loess of the region. 
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It would be very useful in this investigation, to make sundry 
pits or small trenches in the loess round about in order to as- 
certain the differences, if any there be, between this and the 
great loess mantle that covers the rocks of the region at this 
altitude. 

17. There is no reason to doubt that the evidently water- 
laid layer of silt was put there by "some unusual flood." It 
appears that the Missouri river flowed at that level at that 
time. Owing to the integrity of the underlying geest it is evi- 
dent that the river was not at that time in a stage of active 
erosion. The relations of the silt to the geest imply that the 
submergence by the river was not changed to emergence be- 
fore the deposition of the overlying loess. The relations of the 
silt to the overlying loess imply that, the submergence contin- 
ued, there was a copious rather sudden deposition of more 
distantly transported material by the same agent as deposited 
the silt. The "unusual flood" may have been the rising of the 
Missouri introductory to the lowan loessian floods. However 
broken the record in other places, or however limited the pres- 
ent sheet of silt, where it is intact its record is good and the 
missing links of the history at other points should be supplied 
by restoration from the perfect record wherever preserved. 

18. The existence of this post-Kansan (or perhaps pre- 
Glacial) valley should, according to professor Chamberlin, lead 
any experienced, unbiased, Pleistocene geologist, to expect 
either a hanging or a buried adjustment of earlier date upon 
the main stream. As there is no hanging adjustment there must 
be a buried one as already shown in No. 6, and hence the pres- 
ent adjustment is "accidental" — one of those inherited. acci- 
dents that post-Wisconsin PleistfKcne geology is so filled up 
with. According to the depth of water stated by Mr. Concan- 
non, quoted by professor Chamberlin, that early adjustment 
must be at least ninety feet below the present level of the Mis- 
souri. 

It is evident here, and especially by reference to page 
752 of the Journal of Geology^ that the word adjustment is 
applied to the hanging or the buried type when brought by 
l)rofessor Ciiambcrlin into contrast with the present adjust- 
ment, and hence that, if the present has obliterated or aband- 
oned an old place of adjustment, without having inherited it, 
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the creek (which must have been the agent in producing the 
change) must either have cut down a hanging adjustment or 
must have cut, at its mouth, a new rock-bound channel down 
to the level of the present adjustment. This achievement is 
discussed in No. 20. 

19. It is quite difficult to see how the age of the original 
valley, and of the upland mantles can be excluded from anv 
geological investigation of this problem, unless, by an arbitrary 
and quite precipitate assumption, the deposit in question 
is entirely a modem accident, and all the surroundings must 
be made to agree with that accident as a starting-point. But, 
allowing the exclusion of these questions except on the speci- 
fied condition, it appears to the writer that even on that con- 
dition the age of the original valley and of the upland mantles 
is very essential to the investigation, for that specified condi- 
tion as shown in No. 6 is plainly supplied. 

20. In other words: it is possible that a tributary creek, 
rising say 300 feet above the Missouri, running in a valley that 
is cut in the Carboniferous rocks at least 200 feet, down to the 
level of the Missouri at Concannon's and at least 24 feet be- 
low its present floodplain, may be in its original gorge except 
near or at its mouth, where it may be in a new channel fash- 
ioned by recent agencies. If that is possible, it is possible for 
a creek to get out of its rock-bound gorge at some point 
above its mouth, and at its mouth to cut a new gorge at least 
100 feet in depth by the operation of "recent agencies'* — i.e. 
since Wisconsin glaciation — a task which, so far as known to 
the writer, no creek has ever accomplished, especially no ''per- 
iodic run oflf." The valley at its mouth is rock-bound on 
both sides. If professor Chamberlin's supposition docs not 
refer to this rock-cut channel, but to the present shifting posi- 
tion of the little dry channel that meanders through the creek's 
floodplain at its mouth, it is necessary to admit that recent 
agencies have determined its position. But that contravenes 
his hypothesis, since the creek's antecedent valley, as already 
shown once occupied by the creek, continues to the Missouri 
at the same place underneath the present creek, and the pres- 
ent floodplain and its little dry clianncl are but accidents de- 
pendent on the vicissitudes of every seasoti. Tf his bvpothcsis 
refers to any other stage in the waters of the creek, between its 
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present and its pre-Wisconsin condition, or lo any supposed 
earlier floodplain, between its present and its pre-Wisconsin 
floodplain, the same is true — i.e., all those stages and flood- 
plains were events witnessed by the antecedent valley in which 
the creek now lies from its mouth to an indefinite distance 
toward its source. ^ 

21. This remarkable statement, if the waiter understands 
it, is so far at variance with what is known of existing chan- 
nels, outside the area of Wisconsin glaciatioii, and especially 
within the loess-covered areas, that, in the opinion of the 
writer, the truth would be nearer the exact opposite. There is 
certainly not a stream entering the Mississippr within Minne- 
sota, from St. Paul to the Iowa state line, that docs not flow 
in a valley that far ante-dates the Wisconsin glaciation, and 
probably the lowan, especially at its entrance upon the Mis- 
sissippi's great gorge. 

If, however, reference is not intended to the general stream 
valley (which, still seems to be the fact by reason of allusion 
to the "creation of the Missouri river by the union of many 
antecedent rivers'*) but to the present channels of the streams 
concerned as they make their shifting ways through the flood- 
plains, it must be granted that such channels have no stability, 
and are likely not to be the same for any length of time. They 
are subject to the floods and droughts of the seasons; and es- 
pecially is that true if comparison be made between the present 
floodplain channels and those that preceded the Wisconsin 
glaciation. But such alternative seems not to have any bearing 
on the main question, ^d further, it contravenes the principal 
hypothesis, which inuiTu back to the time of the "creation of 
the Missouri." (Compare No. 18.) 

22. The glacio-fluvial deposits of the Wisconsin epoch 
may be wanting at the Concannon farm. We have mentioned 
some considerations (Nos. 5 & 13) leading to the belief that 
they never existed there in the form of fluvial terraces. If as 
supposed by professor Chamberlin they have been removed, 
their existence at some points, in some of the bayous or in 
some of the mouths of the tributaries, should still be recog- 
nized. The Wisconsin terraces, if they ever existed along a 
river like the Missouri, are never obliterated, so far as ob- 
served by the writer, so as to leave no trace through long dis- 
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tances. StilK granting that they have been there and have been 
removed, their removal must have been effected by a river whose 
water surface was lower than the Wisconsin terrace. The hight 
of a Wisconsin terrace according to professor F. A. Wilder *s* 
careful discriminations, in Lyon county, on the Big Sioux 
river, which is about 300 miles farther up the Missouri val- 
ley, is ten feet above the adjacent floodplain, continuing to the 
mouth of the Big Sioux. According to Mr. Upham this ter- 
race is still visible between the mouth of the Big Sioux and 
Council Bluffs, the most southern point .still being 140 miles 
from Concannon's farm. This terrace, so far as known has 
not been identified at lower points, and it doubtless disappears 
in the present floodplain of the Missouri river at many miles 
north of the Concannon farm. 

Corroborative of this conclusion is the interesting presen- 
tation of the descent of the Wisconsin terraces by professor 
J. E. Todd. According to his tabulation the descent of the 
lower "bouldery terraces'' (the Wisconsin terrace?) along 
the Missouri is as follows (Bulletin No. 158, U. S. Geol. Sur., 
p. 137), measured by aneroid: 

Opposite Niobrara its hight is 200 feet. 

Niobrara, S. Dak 210 

Yankton. S. Dak 140 

Vermilion, S. Dak .* 100 

Blair, Nebraska no 

Calhoun, Nebraska 100 

Bellevuc, Neb. (8 ms. S. E. of Omaha) . . 70 
Measured as the crow flies the distance from Niobrara to 
Bellevue is about 150 miles and the descent is about .93 foot 
per mile faster than the descent. of the river. The distance 
from Bellevue to Lansing, measured in the same way, is about 
150 miles. If the same relative rate of descent were continued 
below Bellevue the descent of the Wisconsin terrace to Lans- 
mg would carry it 69.5 feet, below the surface of the river, at 
Lansing. Owing, however, to the roughness of this calcula- 
tion, and to the uncertainty of the data on which it is based 
(aneroid levels), its chief value consists in showing the south- 
ward lowering of the Wisconsin terraces, and the certainty 
of their being lost in the ])resent floodplain at an indefinite 

• Iowa Geological Survey, vol. x, 1000. 
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distance from the latitude of the Wisconsin morainic belt. It 
is quite possible also that the "lower bouldery terraces" of pro- 
fessor Todd, rather than being of the age of the Wisconsin ice- 
epoch are the parallel of the higher gravels in the Big Sioux 
valley which professor Wilder has assigned to the Buchanan 
gravels, and that the Wisconsin terrace is that of professor 
Wilder, already mentioned, which lies much lower and must 
soon disappear in the bottom land of the Missouri. Accord- 
ing to professor Oiamberlin, however, (Jour. Geol. p. 771) 
the bouldery terraces of Todd **are directly connected w'lXh the 
first and second stages of Wisconsin glaciation." 

This goes to show that the Missouri river at Tensing has 
not had a water surface, since Wisconsin time, lower than 
the Wisconsin stage at the same place, at least that it has not 
removed any W^isconsin terrace at that place, and inferentially 
that no W^isconsin terrace ever existed there.* 

The view here presented as to the sinking of the W^isconsin 
terrace below the bottomland before reaching the latitude of 
the Concannon farm was presented by Mr. Warren Upham in 
the January, 1903, number of the Geologist. It is his opin- 
ion that the Wisconsin terrace sinks into the floodplain of the 
Missouri not far below the mouth of the Platte river. 

If no Wisconsin terrace ever existed at the place of burial 
of the human relics, the lowan loess has there been exposed 
to surface wash and removal, and no later Pleistocene record 
has been superimposed so as to erase or obscure the lowan 
record. Further, the little tributary creek, dependent at its 
mouth on the i)ost-Wisconsin elevation of the floodplain of the 
Missouri, has not only not had any W^isconsin stage of flood- 
plain higher than its present floodplain, but since W^isconsin 
time has had no higher floodplain than its present. What 
and where the lowan fluvio-glacial deposits may be is quite 
anotlier question, but, as already stated, the lowan stage of 
the Missouri was so high that it not only filled its original 
gorge but in some places flooded much of th*^ adjacent region. 
On its retirement its deposits, which we know as loe«s, strat- 
ified and semi-stratified, originating in the lowan till, silted 
hack by the regional subsidence, were cut info by the streams 

* This resrimen of Hvrrs with respect to the Wi!«con«in terraces bas recently 
been rliscn.«se(l bv Prof. Chamberlin in ^ the Jour/ia/ o/" Geo/o^j", vol. xi, p. 75, 
Jan.-Feb., 1903. * 
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which again in the main assumed their pre-Iowan valleys. It 
appears therefore that this process of re-excavation of the up- 
land valleys has continued to the present without the super- 
position of any later record, accompanied in the river valleys, as 
already stated in No. 5, in some latitudes by re-excavation of 
the Wisconsin till and terraces, and in more southern latitudes 
by a gradual increment in the hight of the floodplain of the 
Missouri. What more natural therefore, or more inevitable, 
than that along the rivers the lowan loess <ihould be found 
lodged on all pre-Iowan rock-spurs and bluffs, and that all the 
inequalities of the pre-Iowan surfaces should be expressed 
with greater or less clearness in the contours of the present 
loessian surfaces. In case, under pre-Iowan decay, a firm rock 
laver, overlain bv an easilv weathered mass of shale, had form- 
ed a projecting shelf on which had gathered a mass of geest 
and semi-geest in pre-lowan time, as appears to have been the 
fact at the Concannon tunnel, the same sheltering surroundings 
would also preserve the lowan loess on that rock-shelf and 
might produce, as appears to be the fact at the Concannon 
farm, an imperfect, blind terrace-like platform. Such plat- 
fonn, however, would in no sense be an lowan fiuvio-glacial 
terrace, although its materials, in 'their present pose, might 
date from lowan time, and be a part of the lowan fluvio- 
glacial deposits. 

23. Again, this final summary statement as to the origin 
of **the little relic-bearing deposit'* testifies to the Heedless- 
ness of the "academic statement'* as to scour-and-fill, since it 
makes no appeal to scour-and-fill. 

The human remains were in, or below, a loess which rises 
and extends over the surrounding bluffs, formed by the meth- 
ods of distribution known as lowan. As shown in No. 22. the 
Missouri river never flowed, since Wisconsin glaciation, at low 
stage, any higher than it does at present, and therefore never as 
high as the floor of the tunnel, and never formed, since Wiscon- 
sin time, a floodplain as higli as the top of the relic-bearing de- 
posit. The circumstances of the fluctuation of the ^lissouri 
from one side to the other of its channel, of scour-and-fill, of 
wash from the hill-sides, of changes in the floodplain of the 
tributary valley, of the demolition of the Carboniferous bluflfs 
and of the Kansan sheet of the drift, are still j^oini^ on, have 
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continued since the spreading of the lovvan glaciation; but 
since Wisconsin glaciation the normal action of the river and 
of the creek has not risen above its present plane of effective- 
ness and never higher, even in greatest flood-stage, than the 
floor of the tunnel. The date of burial, therefore, is to be de- 
termined approximately by the length of time elapsed since the 
spreading of the lowan loess, which, compared with the age 
of the Kansan drift seen scantily spread on the highlands was 
an event much nearer the end than the commencement of the 
Glacial period. 

What events may have taken place after the spreading of 
the lowan loess, during the period of surface degradation an- 
terior to Wisconsin glaciation, it is not necessar\', at the pres- 
ent time, to enquire, although they may have been competent, 
perhaps under some such process as urged by professor Cham- 
berlin, in covering these remains where they were found. That 
would make their burial pre-Wisconsin and post-Iowan. 

Concise statement of the two vieii's. 

Professor Chambcrlin's interpretation of the facts requires: 

1. A floodplain built by the united action of the creek, the 
river, and the wash from the adjoining bluffs, in post-Wis- 
consin time, thirty-two feet more or less above the present 
floodplain. 

2. In order to that, the interpretation assumes that the 
river flowed, in post-Wisconsin time, at low water stage at 18 
feet above the present floodplain, and* eroded the shale over- 
lying the rock constituting the floor of the tunnel. 

3. It requires a heterogeneous mixture of floodplain com- 
position, made by the agents specified, rising from the floor of 
the tunnel to the top of **the little relic-bearing deposit," such 
deposit being different in date, origin and composition from 
the lowan loess covering the uplands adjacent, and about 
twenty feet thick. 

Those three points comprise the essentials in his theory, 
all other attendants being of the class of academic statements 
or intended to establish these three. 

The writer's explanation requires: 

I. The identity of the bulk of "the little relic-bearing de- 
posit" with the lowan loess of the region. 
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2. The recognition of the geest which lies on the rock and 
rises three or four feet above it, and the derivation of the 
water-laid silt layer by wash from the geest. 

3. The impossibility of the Missouri river and the tribu- 
tary creek being in erosive contact on the floor of the tunnel 
at low water, since Wisconsin glaciation, or flowing at a higher 
level than at present, and hence the impossibi!it\- of there hav- 
ing been at the mouth of the creek any Wisconsin terrace, or 
post- Wisconsin floodplain forty-two feet mere or less above 
the present floodplain. 

All the rest of the writer's discussion foregoing is simply 
attendant on the establishment of these points, necessitated by 
the glittering phantasnia of Pleistocene geology involved in 
the establishment of the other hypothesis. 

Some argument has l>een drawn in favor of the recentness 
of the burial from the resemblance of the skull to those of the 
present Indian, and from the freedom of the skull and bones 
from encrustation. 

In reply it may be remarked that not only is there a tend- 
ency amongst glacialists to shorten the lowan ice-epoch, but 
to unite it rather closely in time with the Wisconsin. The 
date of the Wisconsin being generally approved, as about 8000 
years ago, and the lowan probably not more than 8000 years 
older, it appears that man may have acquired the physical 
characteristics of the Indian at that comparatrvely recent dnte. 

The burial of the skeleton, as represented by the discover- 
ers, in the non-calcareous geest, overlain by an imperv^ious silt 
layer that intercepted the downward passage of calcareous 
water from the loess above, is perhaps sufficient to account for 
the non-calcareous condition of the bones. 

Since the publication of professor Chaniberlin's paper, pro- 
fessor W. H. Holmes has discussed the san-'e subject in the 
American Anthropologist (vol. 4, pp. 743-752, Oct. — Dec, 
1902), and has followed the argument and reached the con- 
clusions announced by professor Chamberlin. He could hard- 
ly do otherwise. It is a geological rather than an anthropo- 
logical investigation, as the essential data are involved in geo- 
logic science. 
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APPENDIX A. 

The following letters throw additional light on the question of the 
age and nature of the deposit in question. It is evident that the ter- 
races of the Missouri should have special examination. 

Note from Professor IVilliston. 

Chicago, Feb. 17, 1903. 

Dear Professor IVinchell: Pardon mc for not replying immedi- 
ately to your letter. 

The clam was dug from the extreme angle of the tunnel, near the 
door, by Mr. Long and myself, at about seven feet above the floor, that 
is where the roof joins the wall. We at first thought it was bone, and 
I did not recognize that it was a cast until after I examined it at 
Lawrence. The hinge line and markings of both lateral valves were 
(and are, if they have not since been injured) quite complete. There 
is no doubt but that it is a river clam, though I did not attempt to 
identify the species. Why it should have lost its structure and have 
been replaced by a cast I do not know. The specimen is now at the 
University of Kansas, with other shells from the walls. 

Sincerely yours, 

S. W. WiLLISTOX. 



Criticism by Professor Todd. 

Prof. N. H. Winchell, 

Dear Sir: I thank you for the courtesy shown me in asking that 
I should criticise in any way your able paper in reply to professor 
Chamberlin. I regret that it has come to hand when I have not had 
time to do the subject justice and yet return it in reasonable time for 
publication. I can only l)rietly express some of the opinions I hold on 
the various questions raised, without presenting very clearly my rea- 
sons for the same. 

The frequent gradation of the till into stratified drift and that in 
turn into loess, both laterally and vertically, I concede cheerfully, but 
loess, so far as I have observed, very rarely contains pebbles or er- 
ratic particles larger than half a millimeter in diameter. Particularly 
is this true remote from glacial moraines. Moreover, mere composi- 
tion and physical properties, such as unstratified character, presence 
of concretions and vertical cleavage, do not clearly distinguish it from 
quite recent flood deposits. The latter are more likely to have er- 
ratics of some size scattered through them. 

I. The point in your paper which strikes me with the strongest 
novelty, is -your conclusion that the terraces of the early Wisconsin 
staj^c would pass hclr>w the present level of the Missouri above Lans- 
ing. Since Mr. Upham has arrived at the same conclusion I must 
believe there must be some reason for the view, though I cannot see 
it. I know of no other evidence of a crustal change which that would 
involve, no overlapping deposits, changes of drainage or warping of 
upland levels. 
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Your inteipretation of the terraces recorded in my bulletin, Na 
158, is not in harmony with my conception of their relations. Perhaps 
I should say right here that the terrace at Vermilion is not truly a river 
terrace but a till terrace formed by the ice-sheet in the \'alley of the prc- 
glacial stream. It is only lightly veiled with aqueous deposits. With 
reference to the other examples, in the first place, we arc to expect that 
all formed in the early Wisconsin stage must fall into one strictly graded 
series. Some may mark the ordinary stage of a stream when the Al- 
tamont moraine was forming, these are likely to be stony especially if 
the>' are near the level of the bottom of the stream near the moraine. 
Those noted by Wilder and Upham, if Wisconsin, may be of this 
kind. 

Others may mark the flood stage when the ice was receding from 
the moraine. To this class I would refer the higher terraces of the 
"Lower Bouldery series/' which are stony in the vicinity of the mor- 
aine in Dakota, but are composed of fine material further away. These 
we should expect would be built largely of sediment, more marked in 
broad reaches of the valley and higher below the entrance of prom- 
inent tributaries. 

Since my study of Missouri I have found no difficulty in contin- 
uing the series through that state to the narrow gorge below Boone- 
ville where we should scarcely hope to find them preserved if ever 
formed. It should be remembered also that another moraine as we 
may call it, though it has several members, was formed somewhat later 
in the Wisconsin epoch, the Gary moraine. It would be expected that 
a lower series of terraces might be found less prominent perhaps cor- 
responding to the recession from that moraine. Such was the conclus- 
ion reached and published in the Missouri Geological Report, vol. X, 
pp. 216-17. The correctness of these conclusions may be judged from 
a consideration of the following terraces arranged in series according 
to this view, with the bights of each above the ordmary level of the 
river adjacent. Their locations and relations to the river may be 
learned from a map and from the U. S. Geo!. Survey bulletin, Xo. 
158 and from the Missouri Gcol. Report, vol. X. 

Altamont stage. Gary stage. 

Niobrara, Xck, 180-210. Yankton. 140. 

Sioux City, Iowa, 125-150. Blair, Xeb.. 90-110. 

Blair, Xeb., 140. Calhoun, Xeb., 100. 

St. Joseph, Mo., 165-175. Bellevue, Xeb.. 70. 

Kansas City, Mo., 150-160. Wyoming, Xeb., about 70. 

Sibley, Mo., 100. I-cxington. Mo., 70. 

Lexington, Mo., 140. "Tete Saw plains'* 70-90. 

Brunswick, Mo., 150. Jcflferson City, Mo., abo'ut 100. 

Glasgow, Mo., 1 60- 1 75. 

Bonneville, 150-170. 

These are not all the examples which might be named, and in some 
cases they are exten.sively developed. 
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I visited the Lansing locality last December with some expectation 
that the remains might prove to have come from the base of the ter- 
race corresponding to that shown at Kansas City, where some remains 
of mammals have been found. In such a case it would have been 
reasonably evident that they dated from early Wisconsin time. In- 
stead I found them outside of the trough of the Missouri in the base 
of a deposit forming an ill-defined shoulder in the valley of a small 
tributary which rises twenty-five to thirty-five feet above the flood 
plain of the Missouri. It is reasonable to account for the ind-efiniteness 
of the shoulder by wash added from the hillside back. The deposit 
there is of a grayer tint than that upon the hills back, which is rusty 
and sandy, resembling that on the east side of tne Missouri in this 

latitude. The bouldery drift is very thin. It is probable that the ice 
sheet never reached quite so far as this. It seems possible that the 

pre-glacial valleys were never perfectly filled in the loess stage, whether 
it was lowan, Illinoisan or late Kansan, and that the water ways were 
revived along the same lines as before. Then followed a period of 
rapid erosion of the Missouri valley and a deepening of its tributaries 
much beyond any former trenching, another filling to the hight of the 
terrace outlined above, and again excavation of the sediment, which 
may not however have extended far up the tributaries. We might 
think the deposit under special consideration to have dated from such 
a stage, were it not so near the present level of the river. As it is, it. 
seems to me altogether more rational to consider it the extended apex 
of an alluvial cone, or the "handle," so to speak, of an alluvial fan 
formed by the creek when the Missouri channel was on the east or 
opposite side of its flood plain. I could refer to several such deposits 
in Fremont and Mills counties, Iowa, some rising to fully as great a 
hight above the Missouri. Then the return of the Missouri to the west 
side would result in tlie cutting down again of the tributary as it is to- 
day. Nor would it require more than a few centifries to accomplish 
such a cycle, under favorable circumstances. 

2. The evidence in favor of a deep prcglacial valley seems to me 
hardly complete. The fact that the bottom of the trough of the Mis- 
souri opposite has been reported ninety feet below the water level 
docs not prove that the river Ixas ever been lower than at present. 
Scour to that depth has been observed at Nebraska City by Mr. L. E. 
Cooley, in 1879.* 

The well twenty-four feet deep reported by Mr. Concannon is the 
strongest evidence, but is it possible that soft shale underlies the lime- 
stone there? 

3. When I visited the locality there was a narrow tunnel running 
with the main one, and west of it extending north from the cross tun- 
nel. As it is not hinted at in Chamberlin's paper and you say nothing 
of it I judge that it has been dug more recently, possibly to obtain 
earth to close the cross tunnel. Its bottom shows an abrupt drop in the 
surface of the rock floor of about two feet. How would that affect 



Report of U. S. Engineers for 1879-80, part 2, pp. 1066. 1071, 
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the gecit hypothcsi*? Would gecst be likely to have >o abmpt sur- 
face under it? I confess that I did nc»t think of gee>t when I was 
there. I did not observe much contrast in color or texture from top 
to bottom except that there were more stony fragments below as one 
would expect from a waterlaid depi>sit near a slope of Carbi3n:fero*Js 
limestone and shale. 

From our former correspondence and conversation, you wili nc-t be 
surprised at my view. I have not attempted to answer all your strc-ng 
arguments, but have tried rather to improve the r.pportuniiy you have 
so kindly given me in presenting briefly my humble contribution to 
the interesting questions invoived. 

Yours very respectfully, 
Vermilion, S. D.. March 7. 1903. J. E. Todd. 



Sote from Professor Wright. 



Oberlin. Ohio. 



Proi. X. //. U'inchell, 

Dear Sir: — I vi>ited the Concannon farm and made my examina- 
tions soon after you were there the second time, but I did not have 
opprjrtunity to make the minute observations which you are able to 
report. So far, however, as I was able to form conclusions, they agree 
essentially with those presented in your paper on "The Pleistocene 
Gcolog>- of the Concannon Farm." I followed down the main tributary 
valley all the way from its head, to its opening upon the Missouri 
valley close by the tunnel in question, and followed around the head 
of the smaller valley which joins the main tributary- at right angles to 
it just west of the Concannon house. From these observations it 
seemed perfectly clear that ver>' little reck erosion had been accom- 
plished by these tributary- streams subsequent tn the deposition of the 
general covering of upland loess. They have done scarcely more than 
to remove from the pre-Iowan, (or as I think the pre-Glacial ) valleys 
the loose material which has been carried into them during Glacial 
time>. 

This is specially clear, as you have planted out. from the character 
and extent of the depression immediately in front of the tunnel and ex- 
tending from the point -\ in your figure to the edge of the Missouri 
fl'^KKl-pIain, but which is now tilled with Kxtse debris. The stratum 
of limestone surrounding this depression and forming the tltwir of the 
Concanm:>n tunnel 'i< compact and about six feet in thickness. The de- 
pre>sion has ever>' appearance of being fonned by the recession of the 
waterfall where the limestone was underlaid by shale. From con>ider- 
aole familiarity with the recc--ion r-f waterfalls in similar conditions 
since the lowan efK.K:h. it i> impressible to believe that this small stream 
would not have requ:rt?<l many timc> tlio period which ha^ e].ip>ed 
since then t«> accompli-h it- \\'»rk. I can but regard it. tl'.treiTe. as 
pre-b.'wan. and for the ni'»-t part pre-<ilac:al. 

2. 1 here i> no evidence that tl:e water of tlie Mi-^'>;ir! lia- been 
higher than it i> now >inoc tlu"! tl"<'<k'<l C"n<l:'.i'ri .>t t!io I"\van cp«vh. 
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I agree with Mr. Upham in believing that the Wisconsin terraces dis- 
appear under the p^psent flood-plain long before reaching the latitude 
of Lansing. 

3. The remnant of loess-like sediment in which the tunnel is dug 
is in a protected place at the point of a ridge forming the bluff of the 
Missouri valley bounded on the west by the small tributary gorge 
joining the main tributary at right angles. The situation is one where 
a portion of the general sedimentary envelope would be protected from 
the erosion of these small tributaries, but where it would be impos- 
sible for it to accumulate by creep or wash from higher elevations. 
The least which can be supposed is that provided for in professor Wil- 
liston's explanation, which involves general deposition on the margin 
of the Missouri when it was flowing fifty feet higher than now. But 

4. The character of the lower three feet of the sediment in the 
tunnel in which the skeleton is said to have been enveloped, as you 
have described it, is such that its accumulation must have preceded the 
entire period of loess deposition. 

My only doubt has been as to the exact position of the skeleton 
with reference to this pre-loessial portion of the deposit. I notice in 
Mr. Uphani's account that he says "the skeleton was imbedded in the 
upper foot of a stony and earthy debris that appears to have fallen 
from a closely adjacent outcrop of Carboniferous limestone which also 
in a heavy bed forms the floor of the tunnel ; or perhaps the bones 
lay in a slight hollow of the debris." I should like a little more spe- 
cific information as to whether the skeleton was really enveloped in 
the pre-loessial deposit or simply lay in a hollow on top of it. 

G. Frederick Wright. 



APPENDIX B. 



It was through the renewed courtesy of Mr. J. V. Brower, 
president of the Quivira Historical Society, that the writer 
made recently his third visit to the Concannon farm. He spent 
two full days at that place', and was accompanied and aided 
by Mr. Josej)!! Concannon in making some observations on the 
walls of the tunnel and on the river bluffs above and below the 
farm. These observations are more in detail than any that had 
been made before by the writer, and they serve to elucidate 
more fully the geology of the place as sketched above. Sub- 
quently Mr. Michael Concannon furnished the photographic 
print seen in plate X\'ni, made from a negative taken by Mr. 
M. C. Long, showing the face of the tunnel prior to the work 
(lone hy Mr. Fowke. 

At nine places detailed sections each carrying about four 
feet were made of the west wall of the tunnel (Stations A to 



296 The American Geologist, ^^y- ^*^'- 

I), with sketches and descriptions, as given below; excavations 
were made into the terrace and i)seudo-terraces below the 
house, and into the loess at points south from the house, up the 
little tributary creek. Several samples were secured for mi- 
croscopical examination. 

The zcalls of the tunnel. 

The floor of the tunnel dips toward the north or northeast, 
about one foot in thirty feet. Hence the floor of the entrance 
is about two feet lower than the floor at the further end of the 
tunnel. 

Station A, The first examination was made at the entrance. 
The different parts of the material penetrated by the tunnel are 
numbered as heretofore. The diagram seen in Fig. i, Plate 
XVII, illustrates the structure at the entrance, drawn to a 
scale. It has the following description. 

No. I is divisible into la and ib, the former at the bottom. No. la 
is twelve to fourteen inches thick, composed of angular debris of Car- 
boniferous limestone and shale, not much rotted, but mingled with 
finer materials of loess-like color and appearance. No northern drift 
seen ; not geest. The surface of the limerock is a little below the floor. 

No. lb, about two feet thick, is more sandy and loam-like, contain- 
ing loess-kindchen and pieces of limestone. In the upper ten inches, 
and faintly in the lower portion, are indistinct signs of horizontal as- 
sortment or structure. Some limestone pieces are four to six inches 
in diameter. 

No. 4 is a distinct silt stratum, two and one-half inches in thickness, 
and runs over the foregoing intact to the very door of the tunnel, with 
disturbance of continuity only at the very northern end where late 
weathering may have worn it off. 'J'he transition above and below 
No. 4 is sharp and sudden, as evidenced by the change of color, texture 
and evident composition. 

No. 2, extending to the roof, shows here no noteworthy feature, 
having the aspect of ordinary loess. Its microscopic characters have 
already been given. 

Station B. The next examination was made at sixteen feiet 
from the entrance. At this place the tunnel ^*s enlarged two 
and one-half feet in each direction, causing a rectangular 
shoulder in the waif. The diagram shown 'n fig. 2, plate 
X\TI, consists of two parts. That cm the right represents the 
shoulder in the west wall, facin^^ S(^ulh. The remainder shows 
the continuation of the west wall of the tunnel. 

In the '^ontli-facing shonldor the biycr Xo. 4 is seen to thin out to a 
pr)int and (li>:ii)i>rir in Xo. 2: at iIk- •^:lmo time rising sli.clitly toward 
the wt'<t. and inn pi-rccptiMy toward tlu- -outli. 
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4a. At the same time, with a slight swell upward in the limerock 
floor, begins another horizontal layer, differing in appearance from No. 
4, and thicker, and with a gentle southward ascent This looks more 
like Carboniferous shale, but it is not in place as shale, and its laminr 
ation is somewhat disturbed. Its composition may be veiy much that 
of shale. The commencement of No. 4a is two feet below the general 
level of No. 4. There is therefore an open interval between the two 
through which No. 2 seems to come down onto No. ic. 

No. IC. Underneath No. 4a is the continuation of No. la (or its 
stratigraphic analogue) of station A. But here it appears quite dif- 

« 

ferent. It is about eight inches thick, and it suggests by its dark color 
that it is stained by carbon and iron, perhaps also by manganese, as 
if it had been an ancient geest soil. In this the small limestone frag- 
ments, so far as can be seen, are much rotted and roughened by decay, 
quite in contrast with the condition of those in No. la of station A. 
What the manner of transition may be from No. la to ic could not be 
seen* readily, but it is to be presumed that No. la disappeears coinci- 
dently with No. 4 or grades into No. 2 above No. 4a. 

Sample No. 6 was taken from the darker part of No. ic, at the 
point indicated. 

No, 2 appears homogeneous and loess-like, rising to the roof of the 
tunnel. 

Station C. This station is twentv-five feet from the en- 
trance. It is illustrated by fig. 3, plate XVII. 

Here No. 4a is sixteen to twenty inches thick, and its upper and 
lower surfaces undulate. It is nicely horizontally laminated, but at its 
southern limit, in this station, the laminse are somewhat disturbed. 

Sample No. 7 illustrates this member at Station C. 

No. 10 is red or brown- red, and only four or five inches thick. Its 
color contrasts with the light clayey color of No. 4a. It lies directly 
on the limestone, and near its upper surface are masses of much rotted 
limestone. 

Sample No. 8 is from No. ic; sample No. 9 is a rough and rotted 
limestone piece four inches across, from No. ic. 

Station D, This adjoins station C toward the south 
Here No. 4a becomes confused and thinner, and while it lies dis- 
tinctly and continuously on No. ic at the bottom its upper surface 
descends to the south, causing it to run to a point so that No. 2 again 
comes in contact with No. ic. Angular pieces of No. 4a are mixed 
in the bottom of No. 2, showing some disturbing action that brought 
on No. 2. 

Station E, Thirtv-fivc feet south of the entrance. 
No. ic here is thin, say four inches, and is overlain by,No. 4b. 
No. 4b consists of debris from No. 4a, and of limestone pieces not 
so much rotted as generally in No. la, and of debris of much finer 

* The wall of the tunnel was hid by boxes which had to be removed in 
order to get these sections. 
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grain not aggregated into distinct lumps or fragments but in form of 
powder resembling loess, but perhaps from No. t. 

Na 2 in its lower part, here, exhibits interesting features ; and as it 
differs from No. 2 elsewhere it may be distinguished as 3a. It resem- 
bles, in general No. 2, but has thin bands of debris of No. 4a lying 
horizontally for two feet above No. 4a. These bands also are more 
calcareous, and amongst them is fine charcoal lying in short horizontal 
streaks, also rotted limestone pebbles. These horizontai bands are per- 
haps of the same origin and nature as the original No. 4 at the entrance, 
and were undoubtedly taken as such by the party who last August 
levelled along a thin silt layer from the entrance to the further end of 
the tunnel by setting pegs that could be seen in continuous line. In 
that case they can be considered as the southward continuation of 
No. 4. 

Station F. This station is about fifty feet from the en- 
trance, at the junction with the Fowke trench. The Fowke 
opai trench becomes a tunnel as it approaches the main tunnel. 
This station is on the wall of the Fowke tunnel facing south. 

No. ic is invisible, apparently wanting, or grades upward into char- 
acters like No. 2. On the floor, in place of No. ic. are many small rot- 
ting limestone pieces and debris of No. 4a, but mostly a finer debris 
like No. I. 

No. 4 appears here to be represented by a silt seam three feet above 
the floor which pinches out in fifteen inches to a point, with a slight 
upward slope toward the west, in the same manner as seen at Sta- 

No. 2. Above this silt seam is characteristic No. 2. Below this 
seam is apparently the same as mentioned at Station E as 4b, but quite 
c(»rse and confused by rotting limestone pieces. It is difficult to dis- 
tinguish No. 4b from No. la, and it is perhaps simply a condition of 
No. I a. 

According to Mr. Michael Concantion an artificial chert 
chip was found by him, when, in company with professor H. 
T. Martin of Lawrence, Kansas, he was digging in the vicinity 
of station F, or a few feet further soutli. It was lying in the 
member 2 or 4b. It was seen by professors Martin and Cham- 
berlin, and was classed with the skeleton as to age and signif- 
icance. At station F a red quartzyte boulder was found by Mr. 
M. Concannoii. five or six inches in diameter, about twelve feet 
from the skeleton amongst the debris of limestone near the 
bottom, lying in No. 2 at the place wlu-ri,' Xo. ic Is wanting; 
and Mr, Jos. Concamion found amMhei, l.ui smaller, at four 
or four and a half feet from the flwr near die amc place or 
a few feet further north. 
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Station G. Eighty-three feet from the entrance. Thirteen 

feet south from the skeleton the tunnel as left bv Mr. Fowke 

is here represented. 

At ihd bottom is horizontally laminated Carboniferous shale in place 
(sample No. 10) with an undulating upper surface, descending so as 
to hardly appear at the cast side. Its greatest thickness is about 
eighteen inches. 

No. I here contains many limestone masses three or four feet 
across, and smaller ones, but the bulk of it especially in its upper part, 
is of the reddish brown geesL From the Carboniferous shale ni situ to 
an imaginary separation line between Nos. i and 2 is four feet, more or 
less, increasing and rising to the roof of the tuimel in the angle of the 
roof and wall. Indeed, without minute examination it has the appear- 
ance of rising to the smnmit of the arch of the tunnel «it this place. 
This member has thus greatly thickened between Stations F and G- 

The most of the oflsct tunnel running east from near th:? 

place is cut in No. i. Xo. i here is called '* joint clay" "ry 

the Concannon brothers, in allusion to the vertical jointage 'ry 

which it is marked, along the openings of which calc:^:-:cs 

watLT has descended from above dej)ositing a white eflf^^is:- 

ing coating. This light coating forms a conspicuou? rrninit 

with the reddish-chocolate color of the geest. 

The place of the skeleton. 

Considerable effort was made on the fKZcasicc :c ins 7'^it 
to ascertain with certainty the position of the *k*^tsi:a zzd ^-^ 
nature of the materials in which it lav. 1 wcri: -nr= -vrA die 
brothers to the end of the timnel express3v i:r ixsn pmp'.'s^. 
and made two more stations (II and I) vr±. aacrnnicns 'i^^-- 
tated by them, but as I rc^ceived subsc*3"Q=ii"' ±c '^nntrJ^^ph 
made by flash-light by Mr. 1/jnj^, it i& za' idxr "H •ii.sr..'.r''I 
stations IT and I and substitute for tiKsr ±e r'ontincrxr. m' 
the photograph seen in plate XVI I L 

This view (plate XVIII) wa% sucx -a: ^enacr-cvn f ■■=-• 
from the entrance. The memben 
place were removed by the work c« 
possible to get samples from the 
eton lay. However, in the 
the parts can be identified 
skeleton is indicated by the 
and slightly above the 

hat shows a rotting^ 




rr - • — 
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fied substance 4a on the plate may be Carboniferous shale in 
situ, but as it shows rather too much dip and as no shale ap- 
pears at the nearest point in the wall it may be 4a of the fore- 
going stations. In the latter case the designation ic is the 
lowest geest stratum. In any case the mass of the geest is 
above 4a and the skeleton lay in or on it, some of the limestone 
slabs of the geest lying at a little higher level than the skeleton. 
In No. 2 are scattering bits of charcoal, and some land shells, 
viz : Polygyra exoleta, Pyramidula altemata costata, Polygyra 
monodon fraterna, and Pyramidula perspectiva, and fragments 
of small bones. 

The bluffs of the Missouri river. 

The writer made examination of the river bluffs above and 
below the Concannon farm. There are five benches, four of 
which might be mistaken for alluvial terraces, numbered from 
below upward. 

These are all more or less continuous both above and below 
Concannon's, but Xos. i, 3 and 5 are distinctly marked and 
level. 

Level No. i. By excavating in No. i it was found to con- 
sist of fine sandy alluvium appearing clayey when wet. It 
covers the place of the stratum of limestone that forms the floor 
of the tunnel. It was at first suspected that its existence was 
due to tlie persistence of that stratum, but that idea was aban- 
doned after several pits had been sunk in it, and on observing 
that at no point, for three quarters of a mile below, nor for 
two-thirds of a mile above, does that limerock appear in any 
of its angles. This terrace is well shown in professor Cham- 
berlin's photographic figure No. 6 (p. 757). running but little 
above the grade of the railroad. Its level is fifteen to eighteen 
feet above the bottom land, or thirty feet above low water. Its 
width is twenty to forty feet. 

Level No. 2, is irregular and hummocky as to upper outline 
and suggests a slip origin. It rises twelve to fifteen feet above 
No. I and its width is about twenty-five feet, but in spots it is 
wanting, the ground sloping up from Level No. i to No. 3. 
Large fallen masses of limestone more or less disintegrated lie 
on the surface, or are buried in soil and vegetation. From this 
bench to No. 3 is a sharp ascent to No. 3, which latter shows 
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limestone bedding along its crest. Several pits were dug in 
Level No. 2, and their testimony united with that of the stony 
and hummocky contour to prove that No. 2 is due to talus 
masses fallen from No. 3. It is older than Level No. i, as the 
masses from No. 3 do not lie on No. i but contmue as a lower 
talus below No. i. This was revealed in pits dug in No. i. 

Level No, 3 is manifestly due to the strike of firm beds of 
the Carboniferous, underlain by shale. This shale is that which 
appears in the tunnel and was excavated in the foundation and 
cistern of Mr. Concannon's house. The firm beds cause a 
bench running back from the house, and have been quarried 
on the north side of the creek. This bench is about twenty 
feet wide, but its upper surface back from the brink is apt to 
be hummocky, same as No. 2, thus constituting Level No. 4. 
Hence No. 3 is a residual terrace. It runs out just back of 
Concannon's house, swinging up the creek valley where it 
also is dimly outlined on both sides. 

Level No, 4 is fifteen to twenty feet higher than No. 3, and 
is plainly due to talus debris from level No. 5. It shows out- 
wardlv all the characters of No. 2. 

Level No. 5 rises about 100 feet above No. 3, and at some 
places, say a quarter of a mile below Concannon's, the whole 
cliff can be seen to consist of Carboniferous rocks, thus: — 

Sandstone. 

Limestone. 

Shale (black, worked at one point for coal.) . 

This upper limestone has also been considerably quarried 
on the north side of the creek. 

There is therefore but one alluvial terrace. It rises per- 
haps two feet above the floor of the tunnel. It is persistent and 
perfect as to outline and composition. It can have had nothing 
to do with any supposed terrace or floodplain rising to the 
hight of twenty-five feet above the limestone floor of the tunnel. 
It is evidently quite a recent formation, and it is reasonable 
to suggest that it was formed by the waters oi the great flood 
of 1844. Its average upper surface is perhaps two feet below 
the place of the skeleton. 

There is no appearance in the bluffs of any recent "trunca- 
tion" by the river; but every element in their form and com- 
position implies great age and gradual demolition under the 
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action of atmospheric forces. The writer has never seen, with- 
in the limits of the Wisconsin drift areas, an instance of ver- 
tical cliffs demolished in this step-like fashion to such a degree 
of irregularity by atmospheric forces. Such weather effects 
require more time, and here they probably date from pre- 
lowan glaciation. 

Other digging. 

It had been planned to make some excavation in the loess 
of the surrounding region with a view to comparing the loess 
at the Concannon tunnel with the general loess deposit, but the 
time available would not permit a satisfactory test of that kind. 
However two pits were dug about six feet deq^. 

One pit was toward the south up the valley of "the little 
tributary creek." It was in the surface of a small flat area, 
about twenty or thirty rods south of the house but on the west 
side of the creek where no rock or rock debrfe could be seen, 
appearing like an ancient terrace level of lowan date. Its hight 
was approximately loo feet above the bottom land of the river. 
A trench, or trench-like pit, was dug in the brink of this sup- 
posed terrace. The soil was found rather thin, grading down 
into a homogeneous sandy loess without structure, pebbles or 
limestone debris, but with black bits tliat appeared like char- 
coal, but may have originated underground by carbonization 
of roots or other wood without having been burnt at the sur- 
face. Throughout this pit were tubules, but no sign of lime. 
Iron crusts and small iron balls and perhaps some manganese 
stains were seen in it, of which the irregular distribution 
caused a slightly blotched appearance. This pit was above the 
level of the limestone forming Level No. 3 foregoing. 

Another pit was dug about ten rods from the house and 
about on a level with the bottom of the limestone forming level 
No. 3, also in the west side of the valley of **the little tributary 
creek." about thirtv or fortv feet above the floor of the tunnel, 
and about ten or twenty feet above the **little relic-bearing de- 
posit." This trench was dug six and a half feet deep. With- 
in the last three feet we found much limestone debris, coarse 
and fine, loess-kindchen and one rounded white quartz pebble, 
three-quarters of an inch in diameter. The material passed 
through below the soil (18-24 inches) was first loess-like and 
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similar to that in the other pit, but it became not only limy, 
with debris from limestone and with loess-kindchen, but also 
much more light-colored, ahnost light yellowish, and fin^r- 
grained acting like putty. The coarser material was plainly 
much rotted, but also apparently originally water-worn. In this 
pit therefore, though not in all its features, nor in so pro- 
nounced a condition, we have essentially the repetition of 
Fowke's trench. We saw no stratification, but in the bottom 
is apparently the talus lying on the bedrock, with a darker 
band, gravelly and calcareous, which is apparently the ana- 
logue of the dark band overlying the geest in the tunnel. We 
did not actually reach the bedrock, but stopped amongst fallen 
limestone masses some of which were about three feet long. 

If it should be desired to further demonstrate the wide ex- 
tent of the **little relic-bearing (Jeposit." it will be necessary to 
make further testing of the loess in the vicinity. The testing 
above mentioned is not deemed sufficient to complete such 
demonstration. 

Further microscopical examination. 

Samples were collected as follows, including those already 
mentioned. 

No. I. On the floor of the tunnel near the point where the skel- 
eton was found, but to the eastward, i.e. at the entrance of the offset 
tunnel, supposed geest, enclosing rotting limestone masses. 

No. 2. Loess from the wall of the tunnel about seventy feet from 
the entrance, above the horizontal silt layer. 

No. 3. Loess from the roof of the tunnel, at about seventy feet 
irom the entrance. 

No. 4. From the silt layer at the entrance. 

No. 5. Laminated loess, St. Joseph, from the foot of a remnant 
of a high spur of loess, between the depot and the river, perhaps a few 
feet below the railroad grade. 

No. 6. Concannon tunnel, station B, to illustrate the darker part 
of No. ic. 

No. 7. From No. 4a at station C. 

No. 8. From No. ic at station C. 

No. 9. Rotted limestone piece four inches across from No. ic at 
station C. 

No. 10. Carboniferous shale at station G. 

No. II. Fine sandy loess without structure, at twenty or thirty 
rods south from Concannon's house, and about 100 feet above the bot- 
tom land, three feet from the surface. 
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No. 12. From the same pit as No. ii, at five and a half feet be- 
low the surface; similar to No. ii. 

No. 13. Fine yellow clay, putty-like, from a pit dug ten rods south 
of Concannon's house on the west side of the tributary ravine, about 
thirty feet above the floor of the tunnel, about four feet below the sur- 
face. 

No. 14. More coarse and gravelly clay from the same pit at five 
feet below the surface. 

No. 15. Loess-kindchen, white quartz pebble and rotted limestone 
pebbles, from the same pit. 

No. 16. Much lighter yellow clay, from the bottom of the same pit 
as No. 14. 

No. 17. Rotted, brownish spot, having the form of a pebble, from 
the wall of the Fowke tunnel 

No. 18. Land shells, fragments of small bones, a small tooth, and 
bits of crinoid stems, from limy loess (No. 3) in the main tunnel. 

No. I. The principle element in No. i appears to be irreg- 
ular, small shreds and scales of kaolin. The substance does 
not, as a whole, appear scaly, but it is unctuous and very fine. 
Its color is of gray or reddish, according to the distribution of 
iron oxide. A few isolated scales arc large enough to show a 
biaxial optic axis as interference figure in comergent light. 
Its refactive index is markedly higher than that of the balsam. 
In numerous instances the larger scales appear 10 be charged 
with bubbles and ferruginous impurieies. Between crossed 
nicols this kaolin is almost entirely dark, brightening up a little 
when the converging lens is turned on. Besides kaolin and the 
coloring material, a very rare angular small quartz grain can 
be seen. No. i seems to be almost a pure clay. 

No. 2, when washed and decanted shows numerous grains 
of quartz and feldspar, occasional hornblende, biotite and mag- 
netite. 

No. 3 is similar, or identical, with No. 2. 

No. 4, while consisting largely of small composite grains 
from No. i, contains a considerable amount of quartz, the 
grains of which are usually rounded. 

No. 4a is microscopically indistinguishable from No. i. 

No. 5, when its grains are isolated, is found to consist 
largely of drift materials, mostly angular quartz, but with a 
liberal amount of kaolin in agglomerated scales and composite 
grains. 

No. 6, which is tlic upper part of No. 8, is evidently 
sandy and iron-stained. On washing, in order to separate the 
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coarser grains, the sandy element is found to consist chiefly 
of debris from limestone, fragments of fossils, small crinoid 
stem joints, and rounded white quartz grains. There are also 
some small rusty sandstone fragments, and fragments of sandy 
shale. The coloring element is bog ore. 

No. 7 cannot be distinguished microscopically from No. i. 

No. 8 is like No. 6, but the iron is more evenly distrib- 
uted, producing a general rustiness rather than bog ore. Some 
of the quartzes are purplish, as if from the Potsdam quartzyte 
of South Dakota, indicating a derivation since the Kansan 
drift was spread. One microscopic cinnamon-garnet was 
noted in the washed sand. 

No. 10. Carboniferous shale. Microscopically this is iden- 
tical with No. I, and with No. 4a, and shows the source of 
those members. 

Inferences from the microscopic characters. 

It is evident from the foregoing that there is not a uni- 
formity in the characters of the substance lying on the lime- 
rock floor. The same is apparent from the descriptions of the 
stations above. At the entrance the limerock is first covered 
by a stony debris (la) mixed with loess, both resulting doubt- 
less from recent dislodgment from above. At sixteen feet from 
the entrance this is replaced by a rusty sandy stratum about 
eight inches thick (ic) made up of angular limestone Sand, 
corroded residue of fossils from the Carboniferous, rounded 
quartz grains and small bits of rusty shaly sandrock containing 
also much rounded and rusted and corroded small masses of 
limestone. Tliis continues beyond thirty-five feet but is ap- 
parently wanting at fifty feet from the entrance and does not 
certainly reappear at seventy-two feet. This is evidently a 
waterlaid substance, the assorting action having been sufficient 
to carry away the most of the clayey ingredient had it been 
present. The bog ore which in part characterizes its upper 
portion indicates surface exposure, but not necessarily a condi- 
tion of humus. At fifty feet the first substance over the rock 
floor seems to be of thc'tiature of No. 2 (loess) but probably 
with a large ingredient from No. i. At eighty-three feet from 
the entrance the limerock passes under Carboniferous shale 
in situ. The composition of No. ic denotes post-Kansan or- 
igin. Tlie presence in No. ic of considerable rusty sandstone, 
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and sandy shale, which is derived from the sandstone overly- 
ing the highest limestone in the region, indicates that that sand- 
stone was easily accessible to ordinary weathering, a condition 
which implies, again, that the lowan loess had not yet been 
deposited, since the loess, now effectually protects it from 
weathering and wash. 

That which overlies No. la and ic also varies. At the en- 
trance it is No. lb, which is an imperfectly water-assorted and 
water-laid pebbly, or even stony, loess, with loess-kindchen. 
In No. 4, at the entrance, the presence of standing water is 
plain. No. ib was deposited in flowing water, and in such 
abundance that it was not completely stratified. When No. 4 
was deposited the water was dammed, and the supply of solid 
matter had waned or temporarily ceased. At sixteen feet from 
the entrance (station B) the silt layer lies distinctly in a ma- 
terial (No. 2) which was not differentiated below that layer 
at the entrance, but a mass of shale from the Carboniferous 
here appears at a lower level, lying on No. ic in such a man- 
ner as to show that the shale is not in place. This shale has 
been taken, perhaps by some observers, as a stratum analogous 
in origin, though about two feet lower, to the silt layer (No. 
4). Its microscopic composition is so different from that of 
No. 4 as to exclude that idea. It is rather a part of the Car- 
boniferous shale that has slid from its parent mass and run 
over on No. ic. The somewhat disturbed condition of its 1am- 
iucC agrees with the hypothesis of such displacement. No. 4 
carries some quartz in rounded grains. No. 4a has none but 
consists of the elements of clay or geest, although its lamin- 
ation shows that it was water-laid, and not land- formed as it 
exists at present. No. 4 carries a notable amount of carbon- 
ate of lime. No. 4a has none — or next to none. 

No. 4a, lying still on No. ic is continuous at twenty-five 
feet, but it soon becomes much broken toward the south and is 
reduced to a thin stratum at thirty feet, which continues, with 
disturbed lamination, to thirtv-five feet. At fiftv feet it is in- 
visible, like No. ic, and No. 2 apparently lies on the rock. In 
the midst of No. 2, at this place, however, arc indefinite strat- 
ification lines, and No. 4 is again quite evident, about two and 
a half inches in thickness. No. 2 can be seen here, as at six- 
teen feet from the entrance, to pinch out westwardly. Here 
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therefore were two contemporary detatched quiet water bodies, 
so far as indicated by the tunnel, one about fifty or sixty feet 
north from the other. Was the material which subsequently 
covered these silted strata brought from the north or from the 
south ? Was it borne by an influx of greater volume of water 
from the north or was it the product of a land-wash from the 
south ? 

At seventy-two feet from the entrance, where the skeleton 
was found (plate XVIII) No. 4a reappears, and over it in a 
mass of formless clay resulting probably from its disintegra- 
tion, the human remains were discovered. This overlying ma- 
terial, No. i» was from two to three feet thick, containing not 
only debris from Carboniferous shale but also large pieces of 
limestone. How much of Xo. i here was contributed by decay 
of limestone is uncertain, but it is safe to infer that the larger 
part was derived from No. 4a and from adjoining Carbonifer- 
ous shale in situ. No. i shows, in every sense, the characters 
of geest, chemical, micrascopical and structural, and its origin 
can be assumed to be only that which is ascribed to geest, viz., 
a residuum from decayed and decaying rock. It so happens 
here that one of the forms of the parent rock was easily dis- 
integrated, and further possessed, prior to disintegration, es- 
sentially the composition of geest, and that, hence, the chemical 
transformation was less, and the product of geest was greater. 

At eighty-three feet from the entrance (station G) the 
characters of No. i extend from the Carboniferous shale nearly 
to the roof of the tunnel, having a thickness of about five feet. 

The result of this special examination is, as should have 
been expected, the restriction of the geest practically to the last 
fifteen to twenty feet of the tunnel. In this geest has been 
found no drift pebbles, nor quartz sand, nor valley wash, nor 
heterogeneous mixture. It is wholly referable to the under- 
lying rock. The most of the contents of the silt layer was 
undoubtedly derived from this geest, as it contains so large 
a i)ercentage of kaolin, undistinguishable from it. Had the 
lowan loess been present to supply material for this silt it 
would probably have approximated more nearly to the loess 
ill its composition. 

After the deposition of the silt, by wash from the geest and 
from the Carboniferous and from the Kansan drift, the actiort 
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of the lowan ice epoch supervened, resulting in the filling of 
the Missouri vallev with the lowan loess and its abundant 
waters. 

That "the little relic-bearing deposit" which contains so 
much limestone debris was formed when the limestone was un- 
covered, and by an agent that came into contact with it, is evi- 
dent. The little creek at no place comes into contact with the 
Carboniferous limestone above the point A of figure 2, and that 
point is too low to have furnished this debris, by any agent. 
At no higher point is the limerock uncovered so that any agent 
could get access to it, but loess covers it deeply, even on the 
summit of the bluflf back of Concannon's. It appears a neces- 
sary infierence, therefore, that the limestone debris was accum- 
ulated cotcmporary with the formation of the loess which now 
covers it and encloses its fragments. 



Plate XVIII. 

View of the face of the tunnel at 72 feet from the entrance, show- 
ing the position of the skeleton with reference to the various members 
of the "Stations" of plate XVII. The white horizontal spot "at the 
right of the hat shows where the bones lay, in fine grayish colored 
material." — M. Concannon. The dark spot above and at the left of the 
hat shows a large limestone mass. The material 4? is probably Car- 
boniferous shale not much disturbed, but perhaps sHd from its place 
and overlying a layer of ic. The "grayish material" in which the 
bones lay, judging from the gray material left in the angle of the wall 
where the Fowke tunnel to the east was begun was a mixture of shale 
and fine limestone gravel, quite compact, impervious and vertically 
jdintcd, like much of No. i, evidently a more immediate product of the 
disintegration of the shale than any other part of the face of the 
tunnel. 
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NOTE ON TITANIFEROUS PYROXENE. 

By Albzandkr N. Winciibll, Batte, Montana. 

It has been stated by the writer* that "so far as known this 
element [titanium] has no effect on the optic angle [of pyrox- 
ene] , titanaugite having as large an angle as ordinary augite." 

After some search the attempt to verify in the literature 
the last phrase of the above quotation has failed, perhaps for 
lack of ample library facilities. However, the whole purport 
of the quotation is admirably supported by the recent work of 
G. Becker, t who, while making primarily a chemical study, 
has also investigated the optic properties of a titaninrous pyr- 
oxene from the basanytc (rich in olivine, and poor in feldspar) 
of Kilimanjaro, Africa. Becker has apparently made very 
careful analysis, without, however, determining the percentages 
of alkalies present. His results may be tabulated as follows, 
with certain others introduced for comparison: 
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I. Pyroxene from basanytc of Kilimanjaro, (i. ]>ccker, an- 
alyst. 
11. ryroxenc from nliviiic diabase of Pip^eon Point, Minne- 
sota. A. X. Winchell. analyst. Loc. cit. 



• Amrkican Gkolc)<;ist, vol. xxvi, |). 'J03. 

t Gl'Stav Bbckkr. Zur Kciintniss dcr Scsquoixyd— und titanhaltigcn 
Augitc. Innngural-Dinscrlntion. Tnivcrsitnt^ Erlnngt-n. 1 lM)a. 
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III. Pyroxene from olivine diabase of Pigeon Point, Minn. 

Partial Analysis by R. B. Riggs. Bull. 109, U. S. Geol. 

Survey, p. 36. 
The pyroxene whose composition is given under II above 
has been called pigeonite by the writer ; it is unique in possess- 
ing an optic axial angle which is quite variable, but always 
distinctly less than the usual value for pyroxene. That this 
abnormally small optic angle is not due to the high per cent 
of titanium dioxide present in pigeonite seems to be quite well 
established by the work of Becker. In general pyroxenes pos- 
sess an optic angle which is remarkably constant ; angle V very 
rarely varies* more than two degrees from the normal value 
which is nearly 60**. In the three known instances* in which 
the optic angle shows a marked variation from the normal 
value it has the values : 65** 3', 66** 44', and 68**. These are all 
larger than the normal value, and the variation even here is 
insignificant when compared with the variation in the pyroxene 
of Pigeon Point, where the optic angle becomes so small in 
some cases as to give almost the effect of an uniaxial mineral. 
Another peculiarity of pigeonite is that in it the optic angle 
seems to be extremely variabfc even in a single thin section. 
These characters of pigeonite can hardly be due to the man- 
ganese content, since Flink* has shown that scheflferite from 
Sweden with six to eight per cent of MnO has an optic angle 
of 65^ 

The only two occurrences of pigeonite at present known 
are both in Minnesota: — at Pigeon Point, and at Duluth, that 
is at the two extremities of a single petrographic province. 
These lines have been written in the hope that they may lead 
to the discovery of other occurrences of this anomalous pyr- 
oxene. 



• Cf. HiNTZB. Handb. Mineral, il, pp. 1025-1029. 
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BASIN-RANGE STRUCTURE IN THE DEATH 
VALLEY REGION OF SOUTHEASTERN 

CALIFORNIA.* 

By M. R. Campbbll, Washington, D. C. 

Recently attention has been called to the geologic structure 
of the mountain ranges of Nevada and southeastern Califor- 
nia. An attempt has been made to show that they are gen- 
erally anticlinal in structure, and that the tilted-block type 
which Gilbert has described, and which is generally known 
as basin-range structure, is of rare occurrence. 

The object of the present paper is to show that, although 
minor folding was observed in the Death Valley region, the 
mountains are generally composed of huge blocks of strata 
that have been strongly tilted and then eroded into their pres- 
ent forms. 

The region described is traversed by two systems of struc- 
tures; one extendmg in a north-south direction, being the 
southern extension of the true basin ranges of Nevada, and the 
other crossing these in a northwest-southeast direction parallel 
with and presumably an off-shoot from the main line of the 
Sierra Nevada. The movements which produced these struc- 
tures seem to have been preceded by an epoch of slight fold- 
ing in which the Palaeozoic strata were somewhat deformed. 
This was followed presumably in Eocene time by faulting and 
tilting along northwest-southeast axes which formed parallel 
mountains and valle\is trending in the same direction as the 
Sierra Nevada. In the valleys so formed lakes accumulated, 
probably through a change in climatic conditions, and sedi- 
ments having a thickness of several thousand feet were laid 
down. In these lake beds are the great deposits of salt, g>'p- 
sum, soda, and borax, which have made the region famous. 
Following this period of sedimentation came one or movement 
along north-south axes, which lifted and tilted the surface into 
immense mountain ranges trending parallel with the new axes. 
Panamint, Death and Amargosa valleys were thus formed, 
and Funeral and Panamint mountains were raised up between 



* Abstract of a paper read at the Washington meeting of the Geological 
Society of America, Dec, 1902. 
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them. Lakes formed in the new valleys and received sediments 
similar to those of the preceding period. 

The age of the second lake-forming period is vaguely re- 
ferred to late Tertiary. From structural and stratigraphic evi- 
dence the beds are younger than the lake sediments of Death 
valley, and they are certainly older than the gravel deposits 
which mark the Pleistocene period in this region;' therefore, 
they are provisionally classed as Miocene and younger. 



EDITORIAL COMMENT. 



HOW LONG AGO WAS AMERICA TEOPLED? 

To glacial geology, as much as to archaeology and ethnol- 
ogy, must we look for the answer of this question. On this 
continent, glacialists find evidences of man's presence only 
during the late and closing stages of the Ice age; but the Old 
World has good proofs that man was there, making and using 
stone implements, contemporaneous with the oncoming of 
that age, when an ice-sheet enveloped the northern half of 
continental Europe and the greater part of the British Isles, 
reaching south to the upper courses of the Don and Dnieper, 
to the lower Rhine, and to the Thames. Any estimate of the 
antiquity of man, therefore, whether in the western or the 
eastern hemisphere, must depend on the measures or estimates 
obtained by geologists for the duration of the Postglacial 
period, and of the nuich longer Glacial period. 

For the time since the end of the Ice age, apparently nearly 
alike in America and Europe, approximate determinations 
have been given by N. H. Winchell, G. F. Wright, and many 
other glacialists, as summarized by Hansen, which range from 
5,000 to 12,000 years. Their average, or about 8.000 years, 
may be confidently accepted as near the truth- 

It is more difficult to secure a probable estimate, on which 
glacialists will so well agree, for the length of the Glacial i)er- 
iod, which is found on both continents to have been very com- 
plex and long, as measured by years, thouj^h rhort in compar- 
ison with preceding geologic periods. On both these vast land 
'areas it involved nearly tlie same sequence in the stages of 
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growth and decline of the ice-sheets, in their first accumu- 
lation, great recessions and readvances, and their final melting 
away. From the beginning to the end of the glaciation are 
counted sevetal stages or epochs of growth and wane, the 
principal times of ice advance and deposition of drift sheets 
and moraines in North America being named the Albertan, 
Kansan, Illinoian, lowan, and VVisconsin stages. 

Some glacialists have estimated the antiquity of the Kan- 
san stage of glaciation, when the ice-sheet extended farthest 
on the west side of the Mississippi, as from fifteen to fifty 
times as long ago as the end of the Ice age, that is, between 
100,000 and 400,000 years ago, while the Albertan stage and 
the beginning of the ice accumulation were still older. Others, 
however, recc^izing the necessary limitations of the whole 
time of life on the earth, from the very ancient Algonkian 
period until now, considered by astronomers and physicists to 
be perhaps only about 20,000,000 years and quite surely no 
more than 100,000,000 years, and comparing the somewhat 
well known ratios of the geologic eras and periods, have con- 
cluded that the portion of time belonging to the relatively very 
short Glacial period, in all its stages, cannot exceed 100.000 
years. 

Such a measure of this period would place its Kansan stage 
some 50,000 to 25,000 years before its end; and the lowan 
stage, to which the fossil man of Lansing, Kansas, is referred, 
would be only 12,000 to 15,000 years ago. These estimates 
seem to me compatible with the characters of the Kansan and 
lowan drift formations. Instead of the great antiquity at- 
tributed by some to the Kansan drift on account of its plenti- 
ful pebbles of decayed rock, supposed to have rotted since the 
Ice age, I would refer these to a much later derivation from 
stream gravels that had been aflfected during a long preceding: 
period by subaerial decay, or to glacial erosion from pre- 
^lacially weathered and decaying rock surface*?. The pebbles 
or eroded rock fragments would hold their form during the 
glacial erosion, transportation, and deposition, by being then 
frozen. Again^ the patchy occurrence of the oldest till depos- 
its in some places near the extreme boundary of glaciation, 
often found on hights but absent from lower ground, I would 
not refer to subsequent erosion, implying a great lapse of 
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time, but to originally unequal and patchy deposition, anal- 
ogous with the tendency of the ice-sheet in its Wisconsin 
stage to add till to the hights of growing drumlins, in local- 
ities of their abundant development, while (sometimes leaving 
little till or none on intervening low tracts of the bedrock. 
With these explanations I think we may accept a moderate 
estimate of the age of the Kansan drift, consistent with a 
duration of the entire Glacial period as only about 100,000 
years, and with a close relationship of the lowan and Wiscon- 
sin stages, both belonging to the Champlain epoch or time of 
land depression terminating the Ice age. ' 

Man lived in the region of the Somme valley, France, be- 
fore the great elevation of northern lands which caused them 
to be mantled with snow and ice. From the Old World, the 
original honi^ of our species, mankind migrated to America 
at some undetermined time before or during the Ice age. If 
the migration was contemporaneous with the giaciation of the 
northern, half of our continent, the passage, whether from 
northeastern Asia or northwestern Europe, or from both, took 
place along the shores of the sea, where the vast ice-sheet was 
bordered by a strip of coastal land like that now fringmg the 
Greenland ice-sheet, but which has since been deeply sub- 
merged. 

That America was peopled very long ago is ascertained 
geologically by traces of man contemporaneous with the clos- 
ing scenes of the Ice age in Delaware, New Jersey, New York, 
Ohio, Indiana, Kansas, Iowa, Minnesota, and Manitoba. The 
latest and most noteworthy proof of this was the discovery 
last year of a human skeleton under loess of the lowan stage 
of giaciation near Lansing, Kansas, as described by the pres- 
ent writer in this magazine last September. At least it is to be 
said that this is the view very confidently held by Winchell, 
myself, and others who have later visited and examined that 
locality. 

But a different view is held by Chamberlin, Holmes, and 
others, who, from their examination of the Lansing section, 
think the deposit above the skeleton to be more pro])ably refer- 
able to Postglacial time. With much care anH effort they have 
also worked and written, during the last ten years, against all 
the geologic evidences, whicli others have thought acceptable. 
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of man in America in the Glacial period. While some parts of 
the formerly supposed evidences have been shown to be er- 
roneous, many other observations seem to me to admit only 
the conclusion that man was here before the end of the Ice age, 
and, if so, doubtless through a long preceding time. 

One of the earliest observers in this country to record traces 
of Glacial man, by flakes from the manufacture of quartz im- 
plements, was Winchell, in 1877, at Little Falls, Minnesota. 
Through twenty-five years from that date, bdng busy with 
other geologic work in the survey of this state, he was not a 
participant in the further investigations concerning tjiis sub- 
ject. Having been silent during the very animated discussions 
of the past decade, he now comes to the careful consideration 
of the Lansing discovery which he has presented ill foregoing 
pages, and in his earlier address as president of the Greological 
Society of America, with no trammels of previous partizan- 
ship. To my mind, after much study of this new discovery, 
the evidence of man here in the late lowan stage of glaciation, 
as so well reviewed by Winchell, seems entirely conclusive. 

Ethnology likewise declares, as voiced by Powell in a pro- 
foundly philosophic paper in The Forum of February, 1898, 
that man came to America very long ago, and that he has since 
developed the many and diverse languages, handicrafts, leg- 
ends and myths, and the physical peculiarities, of the American 
race. H6w long ago that migration took place, permitting 
the racial development of these people, called the American 
Indians, to begin, we cannot tell definitely, or even approxi- 
, mately, in terms of years. We can only say that before our 
continental ice-sheet passed its lowan stage, the American 
or red race appears, as shown by the Lansing skeleton, to have 
progressed far in its differentiation from the white, yellow, 
and black races. w. u. 
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Schmalenseeia amphionura en ny trilobit-typ, af JoH. Chr. Moberg. 

[Meddtlanden fran Lunds Geologisk-Mineralogiska Institution, No. 

5. Stockholm, 1903.] 

Dr. Moberg states that a peculiar and interesting trilobite was 
found in the collections of the Geological and Mineralogical Institution 
of the University of Lund labelled as "Limarssonia occulta" [Lin- 
narssoni^ was preoccupied by Walcott for a genus of brachiopod]. The 
fossil is stated to have been collected from the zone Agnostus pisi- 
formis — ^the lower part of that zone, in close relation to the equivalent 
of the Andrarum limestone, and so near the top of the Paradoxides 
beds. 

The material studied shows the principal parts of the test, the 
middle piece of the headshield the movable cheek, the pygidium and 
parts of the body joint, which is carefully described by the author. 
The dimensions of the parts also are given, and there is a plate of 
figures showing the aspect of the two shields, etc. Each of the shields 
is from 1.5 to 1.8 mm. long, and of proportionate width. 

Dr. Moberg in conclusion refers this little trilobite to the neigh- 
borhood of the Chiruridae, but says that it does not belong to any 
known family. 

[It appears to bear the same relation of Chiruridae that Conophyrs 
does to Asaphidae or that Achantholenus does to Anomocare; i.e. 
small, immature form of a large trilobite, or a trilobite arrested in its 
development in one of its early stages. A larval feature appears in the 
narrow annulaled glabella, though the closeness of the eye to the gla- 
bella has an opposite meaning. In any case the trilobite is of interest 
as carrying down to the base of the Upper Cambrian a type hitherto 
known only from the summit of the Cambrian, upwards.] c. f. m. 

The Glacial Geology of Nezv Jersey. By Rollin D. Salisbury; assist- 
ed by He^'ry B. Kummel, Charles E. Peet. George N. Knapp. Vol. 
V of the Final Report, Geol. Survey of New Jersey; Henry B. 
Kl'mmel, State Geologist. Pages xxvii, 802; with 66 plates (includ- 
ing four folded maps in a pocket of the cover), and 102 figures in 
the text. Trenton, 1902. 

In New Jersey the central part of the great ice-lobe of New York 
and New England attained its farthest southward extension, lacking 
only about 200 miles of the lowest latitude reached by the ice boiuidary 
in southern Illinois, at the central and farthest advance of its wider 
compound lobe in the Mississippi basin. New Jersey is also of great 
interest to glacialists because there the varied deposits of the glacial 
drift adjoin the Pleistocene formations of the more southern part of 
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our Atlantic coastal plain, permitting the two scries to be compared 
and correlated as to their age and conditions of origin. 

Professor Salisbury, coming with a large experience of exploration 
of the glacial drift in Wisconsin and other states of the upper Missis- 
sippi region, has worked on the Pleistocene problems of our Atlantic 
border, in the intervals of other duties, during twelve years. The pres- 
ent volume is his report on the glaciated northern third of New Jersey. 
It does not proceed, however, to the desired correlation of the -glacial 
drift with the Lafayette and Columbia formations, well studied by 
McGee, Darton, and others, on the coastal belt of the southern states. 
This chief fruitage of the glacial work in New Jersey is reserved, to be 
given, as we may hope, in a later report, which should treat, with ample 
details, of the Pleistocene series in the southern part of this. state. 

A general description and discussion of the drift and the Glacial 
period form Part I, in 226 pages. The conditions which lead to the 
accumulation of glaciers and ice-sheets, the manner in which they affect 
the surface of a region on which they lie, and the forms and disposition 
of their deposits, are analyzed in detail, with abundant references to the 
glacial deposits of New Jersey. 

The remaining and greater part of the volume deals very fully with 
local details, describing the terminal moraine, till, striae, kames, eskers, 
stratified plain and valley drift, loam, brick-clays, etc., mainly arranged 
under three divisions, the Appalachian region, the Highlands, and the 
Triassic plain. 

Referring to the cause of the glacial climate, Salisbury rejects the 
astronomic theory of Croll, which would give about 80.000 years as the 
measure of Post-glacial time. Instead, he thinks it to have been a com- 
paratively short period of 6,000 to 10,000 years, according to estimates 
by G. K- Gilbert and N. H. Winchell, derived respectively from Ni- 
agara and the Falls of St. Anthony. 

The view that the Ice age was due to great elevation of the lands 
occupied by the glacial drift, as held by Dana, Upham, and Wright, is 
also rejected; and the submarine continuation of the Hudson river 
<:hannel, to a depth of 2,800 feet beneath the sea level off the coast of 
New Jersey, is not mentioned, although it proves so great elevation 
of this part of our continent about the time of the ice accumulation. 

Preference is given to the hypothesis of Chamberlin, which attrib- 
utes glacial conditions to changes in the amount of carbonic acid gas 
<:ontained in the atmosphere. It is thought that these changes, affecting 
the entire earth, and tending everywhere to contemporaneous increase 
or decrease of glaciation, that is, to cycles of glacial and interglacial 
stages on the borders of ice-sheets, are most harmonious with what is 
known concerning the North American and European glacial drift and 
the fluctuations of glaciers in mountain regions. 

Beyond the prominent terminal moraine in New Jersey, scantier 
and older glacial drift, referable perhaps to the Kansan stage of the 
Ice age, is found, in quite irregular and patchy distribution, to a max- 
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imum distance of about twenty-five miles." Salisbury writes of this 
older drift as follows: 

"The extra-morainic glacial drift is far from constituting a contin- 
uous sheet within the area where it occurs. A large part of the sur- 
face has no drift, and where it occurs it is often very meagre, being 
represented only by scattered bowlders derived from formations farth- 
er north. Thin beds of drift, two or three feet in depth, are common, 
while in not a few places the drift is of considerable thickness, locally 
as much as thirty feet. 

"The lack of continuity of drift in this region is in striking contrast 
with the condition of things north of the moraine, where drift in great- 
er or less thickness is essentially continuous. It is true that there are 
frequent outcrops of rock north of the moraine; and it is true that 
there are, here and there, areas of some size where the drift is thin. 
But the areas where the drift is very thin arc much less extensive north 
of the moraine than south of it. The relationship may be expressed 
in some such terms as the following: North of the moraine, four- 
fifths of the surface is so deeply covered with drift as to conceal the 
underlying rock, and the products of its decay; south of the moraine 
and north of the drift limit, four-fifths of the surface is nearly free 
from drift. Just as the one-fifth north of the moraine has occasional 
bowlders and small patches of drift, so the four-fifths of the area south 
of the moraine, and north of the drift limit, has occasional bowlders, 
and small amounts of drift in other forms. The amount of drift per 
square mile on the four-fifths to the south is probably less than the 
amount on the one-fifth to the north." 

Both here and in Kansas the outermost drift appears to the writer of 
this review to be of less antiquity than is supposed by Salisbury. From 
the amount of subaerial erosion which he thinks to have been effected 
by the rains, rills, and large streams, since the deposition of this drift, 
he concludes that it is far more ancient, as fifteen or twenty times older, 
than the terminal moraines and their inclosed drift sheet, which belong 
to the Wisconsin stage of the Glacial period Although the outer drift 
is demonstrably the older, its age seems to me to be very likely no- 
greater than four or five times the age of the Wisconsin drift. The 
decayed condition of the rock fragments in the outer old drift may be 
due to erosion from surfaces of prc-glacially decayed bedrocks ; and 
the inequalities of distribution of that drift may be of similar charac- 
ter with the very irregular accumulation of the later drift on areas of 
drumlins. Originally patchy drift accumulation outside the boundary 
of the later drift in New Jersey appears more probable than isolation 
of the drift deposits by subsequent erosion. w. u. 
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PERSONAL AND SCIENTIFIC NEWS. 



Mr. Horace V. Winciikll, of the Anaconda Copper com- 
pany, Butte, is examining copper deposits in Mexico. 

Prof. C. R. Van Hisk was elected, April 22d, president of 
the University of Wisconsin. 

Dr. a. E. Oktman, of Princeton University, has been 
appointed curator of invertebrate zoology at the Carnegie ^fu- 
seum of Pittsburg. 
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Arnold Hague^ of the United States Geological Survey, 
was elected, April 3, a member of the American Philosophical 
Society, Philadelphia. 

Prof. Joseph Barrell^ of Leuigh University, has been 
appointed assistant professor of structural geology in Yale 
University at New Haven. 

Deposits of Tin have been reported from the valley of 
Tuttle creek, Alaska. This stream enters the Arctic ocean a 
little north of Behring strait. 

Professor A. W. Grabau delivered a public illustrated lec- 
ture in Boston before the Home and Field club. His subject 
was **Fossils, what they are and what they teach." 

Geological Survey of Washington. Governor McBride 
vetoed the appropriation for this survey made by the state leg- 
islature, thus causing its suspension for at least two years. 

The American Philosophical Society has appointed a 
committee to prepare a plan for the appropriate celebration of 
the bicentennial of the birth of Benjamin Franklin, in January, 
1906. 

Recent discoveries of gold on the Tanana river and its 
tributary creeks in Alaska, are said to promise that this district 
will equal or exceed the Klondike district in production of gold 
in the near future. 

Geological Society of Washington. At the meeting 
on March nth the following program was presented: "Coal- 
bearing series of the Yukon," A. J. Collier; '*Soils of the wheat 
lands of Washington," F. C. Calkins; "Calculation of center- 
points in the quantitative classification of igneous rocks," H. S. 
Washington; "Practical workings of the quantitative classifi- 
cation," E. B. Mathews. 

Geological Society of Washington. At the meeting of 
April 2nd the following program was presented: "Correla- 
tion of the Potomac formation in Maryland and Virginia," 
Lester F. Ward; "Metallic sulphides from Steamboat Springs, 
Nevada," W. Lindgren ; "Origin of bedded breccias in North- 
ern Arkansas." G. I. Adams; "Dahlonega mining district, 
Georgia," E. C. Eckel. 

The tetrahedral theory of the outlines of the surface 
of the earth receives affiitmative evidence in the news brought 
from the Antarctic by the ship Discovery. One of the angles 
of the tetrahedron should appear at the south pole, according 
to that hypothesis. The returning ship reports vast and moun- 
tainous tracts of land more or less volcanic but glacier-laden, 
thus greatly in contrast with the Arctic regions. 

Klkpiiant, Rison and Man in Eastern Washington. 
Dr. C. H. Sternberg in Science, March 27, 1903. recounts ex- 
plorations by him in 1878, in Whitman county, Washington, 
about 100 miles north of Walla Walla, when, in the swamps of 
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Pine Creek valley, he found numerous remains of elephants 
and bisons and came to the conclusion, from the existence of 
arrow iK)ints in connection with the remains, that man was 
cotemporary with these animals. He recommends that these 
swamps should be more carefully examined. 

In Colorado it is a remarkable fact that the profitable mines 
are distributed through every geological terrane, from the 
Archaean granite to the Tertiary conglomerate, and mining is 
going on in rocks belonging to all the principal subdivisions 
of geological time^ and amid a variety of petrographic environ- 
ment which includes nearly all of the principal sedimentary 
and crystalline rocks. In arriving at the age of the country 
enclosing these lodes it has frequently been difficult to consider 
the sedimentary apart from the intrusive igneous rock, and it 
is not too much to say that there is not a mining district among 
the sixty-five which he has tabulated, in which igneous rocksi 
do not occur in close asscxriation with the ore deposits. 

T. A. RICKARD. 

Three scholarships of $200, $150 and $125 are an- 
nounced for the Harvard summer geological course in Color- 
ado under the direction of Mr. C. H. White. These scholar- 
shii)s are oi)en to general application, from teachers and stu- 
dents of geology, whether now enrolled at Harvard Univer- 
sity or not. Ai)plications should be addressed to Mr. C. H. 
White. Rotch Building, Cambridge, Mass., and should describe 
the applicant's previous training in geology and his purpose in 
further study. Letters of recommendation should be enclosed. 
Action on the applications will be taken June i. The expenses 
of the course, including fee for instruction, will be about $200 
from Chicago and return. 

Mr. Ellsworth Hi;ntington has lately been appointed 
Research ^Vssistant by the Carnegie Institution, and will sail 
April 18 with professor W. M. Davis to join professor Raj>hael 
Pumpelly in Turkestan. Mr. Huntington graduated at Bc- 
loit college in 1897: he then spent four years as science teach- 
er in Euphrates college. Harput, Turkey, and while there 
made an adventurous journey thro' the canyons of the Euphra- 
tes, for which he has lately received the Gill memorial from 
the Ro}al Geographical Society of London. For the past two 
years he has been attending the (Graduate School of Harvard 
university, and last summer he was one of professor Davis' 
party in Ctah and Arizona. 
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JOHN WESLEY POWELL. 

By Geo. P. Mkkkill, Washington. 
PORTRAIT— PLATK XIX. 

Major J. \V. Powell, director of the Bureau of American 
Ethnology and for thirteen years director of the LT. S. Geo- 
logical Survey, died at his summer home at Haven, Maine, 
Sei)lember 23, 1902. 

Mr. Powell was born of English parentage in Mount Mor- 
ris. X. Y., ^larch 24, 1834, his fcitlier being a Methodist 
clergyman. The re(iuirements of his father's profession neces- 
sitated frequent changes of home, the family moving to Jack- 
son. ( )hio, when the subject of this sketch was about seven 
years of age. When he was twelve years of age the family 
moved to Walworth county, Wisconsin, and again, when sev- 
enteen, to Illinois, in which state he remained until the break- 
ing out of the civil war. 

b'rom early childhood Powell manifested deep interest in 
all natural phenomena. Original and self-reliant to a remark- 
able degree, he early undertook collecting and exploring trips 
(|uite unusual for a youfh of his age, and studied botany, 
zoology, and geology wholly without the aid of a teacher, b^or 
a time in the winter of 1850 he attended school at Janesville, 
but much of his education seems to have been i)icke(l uj) at 
«Mld moments. During his residence in Wisconsin he taught 
•school on JelTerson ])rairie for fourteen dollars a month, stu«ly- 
ing hard in the meantime and giving frecpient lectures on ge- 
ogra])hy. After their removal to Illinois his father became 
oiu' of the trustees of the college at Wheaton. and young 
I'owill attended the institution at intervals, teaching in the 
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meantime at Decatur and Clinton. He also took partial courses 
at Jacksonville and Oberlin colleges, but was never grad- 
uated. 

He traversed various portions of Wisconsin, Illinois, Iowa, 
and the Iron Mountain regions of Missouri, making collec- 
tions of shells, minerals, and general natural history objects, 
which led to his election in 1859 to the secretaryship of the 
Illinois Natural History Society. It is said that, in 1856 when 
but twenty-two years of age, he descended the Mississippi 
alone in a row boat from the Falls of St. Anthony to its 
mouth, making collections on the way. Again, in 1857, he 
rowed the whole length of the Ohio river from Pittsburg to 
its mouth, and in 1858 made a like trip down the Illinois river 
to its mouth and thence up the Des Moines. 

With the outbreak of the civil war Powell enlisted in the 
20th Illinois volunteers, and was mustered in as second lieu- 
tenant. He was for a time stationed at Cape Girardeau and 
as captain of battery F of the 2nd Illinois artillery took part 
in the battle of Shiloh, losing his right arm at Pittsburg Land- 
ing. He returned to the service as soon as his wound healed, 
and took part in the battles of Champion Hill and Black 
River Bridge. At the close of operations about \'icksbuig 
he was obliged to submit to a second operation on his arm, 
but returned to his post in season to take part in the ^Icr- 
idan raid. Later he was made major and chief of artillery, 
first, of the 17th army corps and subsequently, of the depart- 
ment of Tennessee, taking part in the operations before At- 
lanta and in the battle of Franklin. 

At the close of the war he accepted the position of profes- 
sor of geology and curator of the museum of the Illinois 
Wesleyan University at Bloomington. from which institution, 
although not a graduate, he had previously received the de- 
grees of A.J^ and A.M. He also became connected with the 
Illinois Xomial Universitv and was widelv known throui^h- 
out the state by his lectures and addresses on scientific sub- 
jects. 

In ^lay. 1867, Powell visited the Rocky mountains of 
Colorado, taking with him a party of sixteen students. Tliis 
was before the completion of the Pacific R. R. and wlicn tlie 
country was still infested by Indians. The party a>ccn.'r<l 
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Pike's peak and mount Lincoln. After the breaking^ up of 
the party at Denver, major Powell and his wife, who had 
accompanied him, visited Middle park of Colorado and con- 
tinued their explorations until snow interfered. 

In 1868 Powell organized a party for the purpose of a 
second expedition into Colorado, finally going into winter 
quarters on the White river. During this trip he made im- 
portant studies in high altitudes, ascending Long's peak for 
the first time and traversing a considerable portion of the 
mountain system of Colorado. 

In the summer of 1869 he organized an expedition for the 
purpose of exploring the Grand Canon of the Colorado itself, 
a region up to this time almost wholly unknown and con- 
cerning which there were many vague and often wild rumors. 
The party, consisting of eleven men with four boats and pro- 
visions for ten months, started on its voyage on May 24 and 
emerged from the mouth of the Grand Canon August 29 
following, having made a journey of nearly 900 miles and 
one which has been described as unequaled in the annals of 
geogra'phical exi)loration for the courage and daring dis- 
played in its execution. The immediate geological results 
of this trip were very slight. Xevertlieless, the prestige gained 
was such as to be of great benefit to Powell throughout his en- 
tire career. 

l^xplorations of the canon and adjacent regions were C(^n- 
tinued during 1870, 1871, and 1872, the resuhs being pub- 
lished in 1875 ""der the- caption of Explorations of the Col- 
orado River of the West and its Tributaries, in form of a 
quarto volume of nearly ^(X) pages, It was in the second 
part of the report, relating to the physical features of the 
valley of the Colorado, that Powell called attention to the fact 
tliat the Uintah canons were gorges of corrosion and due 
to tlic action of rivers upon rocks which were undergoing 
gradual elevation. As he exi)ressed it, the river preserved 
its level,* but the mountains were lifted up, as the saw re- 
volves on a fixed pivot, while the log which it cuts is moved 
along, the river being tlie saw which cuts the mountain in 
two. This, it will be remembered, was essentially the idea 
advanced by Hayden with reference to the canons of the 
\'eIl()wstone. Madison and Gallatin in his report on the geol- 
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ogy of Montana (1872, p. 85). In this same report Powell 
first made use of the expressions antecedent and consequent 
with reference to valleys, meaning, in the first instance, that 
the drainage was established prior or antecedent to the cor- 
rugation of the l>eds by faulting and folds, and in the sec- 
ond case, that the valleys had directions which were de- 
pendent uix)n the corrugations. Valleys which were formed 
by streams, the present courses of which were determined 
by conditions not found in the rocks through which the chan- 
nels are now carved, and which were in existence when the 
district last api)eared above the sea-level, he called super- 
imposed valleys. He also here used for the first time the 
tenn base level of erosion, which he defined as *'an imagin- 
ary surface inclining slightly in all its parts toward the end of 
the principal streams draining the area through which the 
level is supposed to extend, or having the inclination of its 
parts varied in direction as determined by tributary streams/* 

Fie pointed out, also, that the region of the (Irand Cancn 
was, after all, the region of less rather than greater erosion : 
that, had the country been favored with a rainfall equal to 
that of the Appalachian country, the entire area hight have 
been reduced to a base level which would be the level of the 
sea, though the evidences of such erosion might be almost 
wholly obliterated. 

In 1871, 1872, with the aid of a Govemment appropria- 
tion of twelve thousand dollars, the organization known as 
the Survey of the Rockv Mountains was established, in 
rivalry with those of Ilayden and Wheeler. At the head of 
this Powell remained until the three were abt)lished in 1879 
and the L'. S. Geological Survey created, with Clarence King 
at its head. It was while carrying on this survey that G. 
K. Gilbert was detailed to study the Hvnry mountains in 
I'tah, the results of which were broujjiht out in the now clas- 
sic monngra])h relating to the Laccolithic Moimtains. 

Powell's first observations on the geology of the I'intah 
mountains were made in \HC\i). In 1871. 1S74, and 1875 he 
again ])ersonally visited the ])lateau region, the hist time be- 
ing accom])anie(l by Dr. C". A. White. The results of these 
later vears of ex])l<»ration are given in the (|uarto monograph 
Oil the (/\v>/"i:v ('/' the liijstcni I\>rfi,}u of the rintrJi Monn- 
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tains, which was published in 1876. In this, as in all the 
work of the Powell surveys, little or no attempt was made 
at systematic areal geology; certain striking and well-ex- 
emplified features were selected and made the subject of 
special monographs. In the work above noted Powell di- 
vided the region west of the Great Plains, east of the Sierra 
Xevadas, and south of the North Platte, Shoshone, and 
Sweetwater rivers, into what he designated as geological 
provinces, the Park province, the Plateau province, and the 
Basin province. The first named he described as character- 
ized by broad, massive ranges, sometimes distinct and some- 
times coalescing so as to include the great parks. Tlie moun- 
tains comprise high, lofty, snow-clad peaks which fonii per- 
ennial reservoirs for the multitude of streams discharging 
in part into the Colorado river and thence into the Gulf of 
California, and in part into the Rio Grande and thence into 
the gulf of Mexico. The Plateau province he described as 
characterized by many tables bounded by canon and cliff 
escarpments and on which stand lone mountains and irregu- 
lar groups of mountains and short ranges. Hiis region drains 
wholly into the Colorado river. The Basin province was 
characterized by short north and south mountain ranges and 
ridges separated by desert valleys and with a drainage which 
is almost wholly into the interior salt lakes and sinks. 

Devoting himself mainly to the Uintahs, Powell showed 
that they owed their present configuration to the degradation 
of a great upheaved block having its axis in an east and west 
direction. 'Hiis upheaval, which he thought took place very 
slowly and gradually, began at the close of Mesozoic time 
and continued with slight intermission until late Cenozoic. 
The total amount of upheaval in the axial region was more 
than thirty thousand feet. Contemporaneous with upheaval 
the forces of degradation were at work, though not -at the 
same rate of progress, along the axial line of uplift, the de- 
gradation amounting to more than twenty-five thousand feet 
{4-}:^ miles) and the mean degradation to 33/I miles, so t!iat, 
over the entire area of about 2,000 square miles, some 7,100 
cubic miles of material has been removed. 

During 1873, ^^75 and 1876 captain Clarence Dutton of 
the Ordnance Department of the U. S. Army, made further 
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studies in the plateau region with the facilities afforded by 
the Powell survey, the results of which appeared in his now 
well known report on the Geology of the High Plateaus of 
Utah, a quarto volume of 307 pages, with an atlas. 

Powell's active work as a geologist practically ceased 
with the report on the Uintah mountains, above noted, al- 
though in 1874, 1875 h^ gave much attention to the irret^u- 
larities of the land laws in the west and published in 1887 ^ 
work on the lands of the arid region. 

In March, 1881, he assumed the directorship of the U. S. 
Geological Survey on the resignation of Clarence King. 
From this time until his voluntary retirement from the survey 
in 1895, during which time he was also the head of the Bu- 
reau of American Ethnology, his duties were necessarily al- 
most wholly of an executive character. Under his admin- 
istration the survey grew from a small organization, the head- 
quarters of which wxre in the northeast comer of the present 
U. S. National Museum building, and with annual appropri- 
ations amounting to $156,000, to one which, at the time of 
his relinquishment, was receiving appropriations of nearly 
half a million dollars annually. 

It is upon his success as an administrator rather than as 
a geologist that Powell's fame must clearly rest, although 
the impetus which his work on the Grand Cafion and Uintah 
Mountain region gave to the study of physiographic geology 
can never be lost sight of, Powell was eminently a mag- 
netic man. More than this, he believed thoroughly in giving 
every man an (opportunity to show what there was in him. 
Always accessible, even to the least of his employes, always 
interested in their welfare, he was, nevertheless, in touch 
with the leading thinkers and workers in all branches of sci- 
ence. After his retirement from the survey (in i8(;4), a mat- 
ter which was brought about in part, at least, through failing 
health, his amputated arm being a source of great periodic 
pain, he limited himself mainly to abstruse ])sych()logical ])rob- 
lems and the directorship of the American Bureau of Eth- 
noloi^v. 

TIic immediate cause- of his death, it should bi* state.l, 
was a cerebral heniorrliaire. 
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Althoui^h himself not a college graduate, Powell received 
in 1886 the degree of Ph.D. from Heidelberg, Germany, and 
and that of LL.D. from Harvard. In 1862 he married Miss 
Emma Deane of Detroit. His widow and one daughter sur- 
vive him. 
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A. TlIK StlJDIVISIONS OF THE CINCINNATI SeRIES. 

In Ohio, that part of the Ordovician system which overHes 
the ']>enton is inchided in the Cincinnati series. The Cincin- 
nati series is divided into three stages of nearly equal thickness : 
the Richmond stage, which attains a thickness of about 235 
feet ak)ng its northern hne of outcrop in Indiana and Ohio; 
the Lorraine stage, 300 feet thick ; and the Utica stage, 260 feet 
thick. The various subdivisions of these stages* are given in 
the following table, in descending order: — 



• "The Geolo>:y of Cincinnati." J. M. Nicklbs, Jour. Cincinnati Soc. Aat. 
llist.. 1902. No. 2. The writer is much indebted to this paper, and also to 
many suggestions given personally by Mr. Nickles. in the field and elsewhere. 
The "writer accompanied Mr. Nicklfs on a trip during which the localities 
between Versailles and Marble Hill were vifiled. 
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Richmond stage. . 



^Saluda, Madison, or 

I 

I'ppcr Richmond bed, 
■^ Middle Richmond. 
' Lower Richmond, 

,^ Warren Inrd. 

. Mnuni Aubuni l>ed. 



Lorraine stage ^ 



■ LV»rrvville l>ed. 



L'tica stage* 



Bellex lie Ixrd. 
l'"ainn«unt !»ed. 
Mount \h pe bed. 

i Lpper Utica. 
. Middle L'tica. 
/ L4\vcr L'tica, 



(JO leet. 

11^ feet. 

60 feet. 

70 feet. 
20 feet. 
60 feet. 
20 feet. 
80 feet, 
^o feet. 

(X) feet. 

120 feet. 

80 feet. 



The Mount Auburn Bed. 

The ?vIount Anbuni bed is characterized by the presence, 
in great numbers, of a large, globose fomi of PkUystrophia 
lynxA with a hinge-line considerably shorter than the width 
of the shell. This globose fonn may be regarded as a senile, 
gerontic variation of a sec<^.n(!. equally large form bavins' a 
nuich greater vertical range. In the second fnmi the hinge 
line equals or sHghtly exceeds the width ci the shell, thus giv- 
ing the shell a more quadrate outline.^ In L>hio. a few stray 
specimens of the large quadrate fonn are seen in the Fair- 
mount, r>ellevue, and Corry ville beds : they occur most abimd- 
antly. associated with the gerontic s]HX'imens, in the Mount 
Auburn bed : and they are found in the Morris Hill section, 
three miles northwest of ( )regonia, in the Warren bed. forty 
feet above the Mount Auburn bed. In many parts of Ken- 
tucky, especially east of the L^incinnati anticline, the (|uad-ate 
form has about the same vertical range, namely froni the Fair- 
nK)unt to the Warren beds, but it is nuich more abundant in 
the lower beds there than in (Jhio. In Kentucky, therefore, the 
name PlatystropJiiu lyji.v bed includes a large part of the Lor- 
raine, while in C^hio the name is re>tricted to the Moinit Au- 
burn bed, which is characterized by the presence of numerous 
senile <'r gcnntic specimens. 

In the u|)i)er ])ari {>i the M(»uni Aulnirn bed at Madison, 
Indiana, a s])ecies of TlecttTthis occurs which resembles Plect^ 
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• Pnle«>/(»ir s»:»«i and bairiers. I'l-hicn nnd ScmcuKKT. Report^ Sew York 

ntv I'nle'^nt'ilojzisi. ll»oi 1 ri.hlished in 19011). p. 643. 

+ "The M«»ri)]ioirenesi- ol IMatyMiO] lii.T." H. R. Cl'MlKGy, Am. Jour, ScL, 

I'JOS. p I'J. 'JO. 

i I hid., p. ll». 24. 
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orthis Ussicosta as figured by ]\Ieek.* The atea of the ventral, 
valve is large, forming an angle of about seventy degrees with 
the plane separating the valves. The convexity of the ventral 
valve however is much less; the shell has a flattened appear- 
ance anterior to the beak, and is often slightly depressed near 
the middle of the anterior margin, giving a slightly sinuous 
outline to this part of the shell. There is also a greater in- 
equality in size between the plications originating at the beak 
and those added later, so that the earlier formed plications are 
more conspicuous along the anterior half of the shell. The 
same fonn occurs in the Corryville bed at Cinciimati, Ohio, 
where it is identified as Plcctorthis dichotoma. Plcctorthis 
Ussicosta of Meek, from the Fairmount beds at Cincinnati is 
also identified as Plcctorthis dichotoma, by Schuchert.•^ The 
Corryville and Mount Auburn specimens just described may 
be easily rlistinguished from the Faimiount specimens now re- 
ferred to Plcctorthis dichotoma. 

The Warren bed. * 

The must characteristic brachiopod Of the Warren bed Is 
Dinorthis retrorsa: it is restricted, however, to a very short 
vertical range near the middle of the bed. Along the creek 
directly north of Lebanon, Ohio, a coarse limestone layer, four 
inches thick, occurs thirty-three feet above the Mount Aul)um 
bed. Hie limestone layer is found at the north end of a large 
exposure on the west side of the creek, near the base. Three 
feet above this laver, Dinorthis retrorsa occurs associated with 
Leptacna rhomboidalis. Specimens of Dinorthis retrorsa were 
collected also eight feet above the limestone layer; the vertical 
range is therefore five feet. 

About seven miles northeast of Lebanon, Caesar's creek 
flows into the Little Miami river from the east. Almost di- 
rectly opposite. Lick run enters the river from the west. Lick 
run has its source in a spring located on the northeast side of a 
rise of land, formerly known as Morris hill, about two miles 
west of the river. The section along Lick rmi was used by 
professor Orton to determine the thickness of his Lebanon 
beds, which included both the \\'arren and the Richmond beds. 
The Mount Auburn bed is not exposed here. The large, quad- 

• P«/. Ohio, vol. 1, 1873, pi. 8. fig. 6. 

t Synoptit of American Fossil Brachiopoda, p. 312. 
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rate t'oriii rji l'latystro{-hiti lynx i< rather coiiinimi in a layer 
' I limestone cccurriiin iliirty-four feet above the level of the 
river. Tlirct feet farther up. tliere is a coarse Hmestune lavcr. 
its mipiT surface strongly wave-niarlveiJ. Ihe treml of the 
HiIkcs approximately north and south. Three and a half feet 
aliovr the \v;ive marked laver. Irl^liU'iin rlwi.ihnidallx ixrcurs. 
I-"tir leet alwuve the wave-niarVed la>er. Dinorlhis rclrorsn is 
rathi-r cuninicii. and its range extends fiiilv six feet ab'ive this 
level. 

.\1mivi- the Diitonliis ri-lrorsn layers, in the Lehanon sec- 
tion, there is liltie clay, sixteen feet thick, s.,it near the b.ise. 
n'xhdar near the top. l.)verlyinf; the clay is nudiilar clayey 
linu-sl'De. three and one-half feet thick, which may be regarded 
as lomiint; the lop ..if the Warren bed. The topnii)st layer i.« 
wave-marked in jilaces. the trend o! the ridges being approx- 
imately ni-nh and south. The noihdar character of the rock 
and the wave-marking suggest lurbiilent waters dnring the de- 
l)o-.in'.>n of the upper Warren beds. This was followed by a 
change uf fauna inaugnrating the Richmond age. 
Tlic b.isc ■'! >h.' Z...;ccr Idchmoii,!. 

•^.^'.s •'-*/'"'" I'i'iiliii'kiciisis has been foinid in Oldham an<l 
JetTerson couiuies in Kentucky, and at the niouth of Bull creek, 
in the nnrtbea^^lern part of l.'hrk comuy in Juliana. At the 
last named licaHty it occurs at the contact of the Lorraine with 
the Lower Ricltmond. At Clnrksville, t.thio it occurs in the 
U|>(XT part of the Lower KicliinoiKl, about four feel I"'l"w the 
hnriz.m i^f Hcrl'i-rh-IUi insciilpui. 

The nndnlar. clayey limestone at the top of the Warren lied, 
in the Lehamm section is overlaid by thin, well bedded lay- 
ers ot clay and limestone: the total thickness is four feet; the 
to]) is formed by a four inch layer of hard limestone. Immedi- 
ately abnve. in the blue clay anil in the inierbedded thin lime- 
stone layer?, LKiUiuiiicllo jugosci is co-nmion. Xine feet above 
the Warren bed there is a moR' massive layer of limestone, 
iVur to nine inches liiick. containing great numbers of this 
fossil. 

In die gnlley back of the bla cksmith 8hop, at t he north end 
iregunia. a station fonncrtj^^^^^^^^^^kL Dinorthis 
rclniisa ixcurs seventy-eight J 
The ba,se of the iiodul|i 




Richmond Group of Cincinnati Anticline — Focrstc. 337 

above this level. The lower part, a foot and a half thick, is 
more connected; the upper part, three and a half feet thick, 
consists of nodular limestone masses more or less separated by 
clay. This forms the top of the Warren bed. Five feet above 
this level Dahnanclla jugosa occurs in a very clayey limestcne. 
A layer of hard limestone containing great numbers of this 
fossil is found seven feet higher up. The upper range of this 
fossil is not well exposed here. 

Two miles south of Oregonia, on the main road from Leb- 
anon to Wilmington, Dinorthis retrorsa occurs ninety-one feet 
above the level of the railroad, at a little stone culvert, just 
north of the bend where the road ascending the hill turns 
sharply eastward. The toj) of the Warren bed is twenty-one 
feet farther up. and five feet higher Dahnanclla jugosa occurs 
in a clavev nodular limestone. It is much more abundant in 
the clavs and thinbedded limestones immcdiatelv above, and 
has a range of at least fifty feet. At this locality the lowest 
s])ecimens of Stroplwmcna rugosa were found in the upper 
part of the Dahnanclla jugosa zone. 

Along its northern line of outcrop in Ohio and Indiana, the 
k)wer part of the Lower Richmond is characterized by the 
great abundance of Dahnanclla jugosa. While at several lo- 
calities this species appears to occur in small numbers in jhe 
up])er, nodular part of the Warren bed, its increase in the low- 
er part of the Lower Richmond is so abrupt that it is one of the 
most useful fossils for determining the line between the War- 
ren and the Lower Richmond. Southward the 13almanella 
jugosa zone thins out. While very abundant at Concord, Ken- 
tucky, no traces of this fossil were seen at Owingsville or near 
Spencer. On the western side of the Cincinnati anticlin., it 
has not been seen south of Marble Hill in Indiana. 

The most southern outcrop of Dinorthis retrorsa on the 
eastern side of the Cincinnati anticline is at Arnheim, in 
Brown county, thirteen miles north of the Ohio river. Dal- 
manella jugosa and Hcbcrtclla insculpta are common at Con- 
cord, Kentuckv. Catazx^ci hcacii occurs ten miles south «)f 
Maysville, Kentucky. 

Protarea vetusta, Strcptclasina rusticuni (Str. corniculuni 
of the Ohio survey), Strophomcna sulcata, and Rhynchotrcnia 
capax range from the lower part of the Lower Richmond to 
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the top of the L'pper Richmoiid. Since they are not known to 
occur in the Lorraine in the area under discussion, these spec- 
ies are very useful for (Hstinguishing between the Lower Rich- 
mend and the Warren beds in those parts of Indiana and Ken- 
tucky in which the Dalnianella jugosa zone is absent. Usually 
they are rather infreciuent in the lower and middle part of the 
Dalnianella zone and do not become abundant until the upper 
part of this zone is reached. 

Stroplionicmi ru^^osa {Str. pUvntnihomi of the Ohio Sur- 
vey ) is another Richmond fossil which usually does not be- 
come abundant until the middle or upper part of the Dalman- 
ella jugosa zone is reached. The radiating stria? are of medi- 
um size, and do not ditler conspicucnisly in size either 
when striie nn the .-ame valve, or when stria* belonging 
to opiK>site valves are compared. Strophojncua clungi^^ta 
James, is a variety of Sirol*/ioincna nigosa, differing only 
in the greatly extended hinge-line, which gives a subtrig- 
onal, instead of the usual subquadrate outline to the shell. 
Stroj-JioniCfiii subtciita (Str. plicata of the Ohio Survey) is 
another variety, of larger size than the typical Sir. /> /ii;i /(;;/- 
bona: the oblique wrinkles near the extremities of the hinge- 
line are ohcn absent. StropJionitna clongata and ^7/'. subtcnta 
are typically develo|)ed in the 1«. west part of the Middle Rich- 
iUond. iM>rms intermediate between these varieties an»l Str. 
planunibofia occur in the- upper part of the Lower Richmond. 
Strof'Junr.ciui iicglrctii has been collected b\ I.lr. ( i. M. Austin 
in the upper ten feet of the Lower Richm<»nd near Clarksville, 
Ohi(^ It is a larger shell than Str. zctusta, oixcn attaining a 
wi<llh nf ^o mm. The convexiiv nf the dorsal valve is much 
greater, the (le]»ih amnuniing t<> i.S mm. in shells 42 nmi. long. 
The stride are much hner and cU>viT over the larger part of the 
shell, and ecjual in c«'ar>enes- tliose oi the dorsal valve of 
Str. :rfusta «>nly al-ng the anterior third if the shell. 
The chief cliaracieriMios of Strof^lioniCha nutans are its 
subnasute anterior margin and the retnarkable thickening of 
the iniericn- i^ the ventral valve around the nmsciilar area and 
alung the anterior margiti. The radiating striae are very 
tine: some, at more or less regular intervals arc slightly mom 
])rtuninent. The t\pical sjKvimens are rather 
imens attaining a lengtli of four-1 
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cur in the middle and upper part of the Lower Richmond. At 
Concord in Kentucky, specimens having- the same general 
form as Strophomcna nutans are found at the base of the Dal- 
in and la jugosa zone, eighteen feet below the lowest specimens 
of Strophomcna rugosa. Many of these specimens attain 
a length of one inch and a width along the hinge-line of an 
^inch and a quarter. The striae of both valves are fine; some 
are more prominent, three to six intermediate striae being less 
conspicuous. About six to nine of the more prominent striae 
occur in a width of a quarter' of an inch. 

The top of the Loii'cr Richmond. 

At the bridge across Todd's Fork, northwest of Clarksville, 
Ohio, Dalmanella jugosa occurs sparingly in the clayey lime- 
stone at the base of the section. Immediately above, it be- 
comes verv common, and remains common as far as forty to 
fortv-three feet a])Ove the level of the creek. Forty feet above 
the creek there is a wave-marked layer of limestone, with the 
ridges trending approximately northeast and southwest. Fifty 
feet above the creek, Hebertella insculpta is rather common, 
but is restricted to only a few feet In the vertical section. Dal- 
manella jugosa occurs sparingly up to this level, and even for 
five or more feet above the same. 

The Hebertella insculpta horizon may be regarded as form- 
ing the top of the Lower Richmond. It has not yet been defi- 
nitely determined that this fossil is restricted to the top of the 
Lower Richmond, but it is known at least to be (|uite constant 
in its appearance at this horizon in northeastern Kentucky, all 
of Ohio, and in Indiana as far south as Weisburg and Ver- 
sailles. It may be that it occurs as far south as Madison but 
no specimens have been collected there. 

At Versailles, in Indiana, Rynchotrema dentatum mal<es 
its first appearance in the Lower Richmond at a level one or 
two feet beneath that of Hebertella insculpta. At Dayton, 
Ohio, and at Richmond, Indiana, its range extends to the top 
of the Middle Richmond. While it is not known to occur in 
the lower part of the Lower Richmond, a very similar, if not 
identical form has been found in the upper part of the Warren 
bed half a mile southeast of Howard's mill in Montgomery 
county, Kentucky. It possesses three distinct plications and one 
jlj^igdirttnc^ plication on each side of the dorsal fold instead of 
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tour distinct and one or two indistinct plication?, as in the 
Richmond group. In conscc|uence. the phcations appear more 
angular. A single specimen of the \\'arren bed form was col- 
lected by Mr. J. F. Hammel at Madison. Indiana, but the exact 
hnriz(jn from which it was collected is unknown. 

Catyzyga hcadi ma\ prove to be a very valuable horizon 
marker. It appears to have a very restricted vertical range. 
At Clarksville. Ohio, it has been collected, by Dr. (leorge M. 
Austin, about fifteen feet below the horizon of Ortliis inscull'ta. 
Lower down along Tod<ls b'(^rk. in Warren county, it has been 
collected by the same c^bserver at the same level, near the hill 
tops about Hicks station. At Madison, Indiana, where ihe 
Hcbcrtcllii i)iscitlf'tii horizon is unku'-wn, ditycyga hciuii is 
found fifty feet above the base of the Richmond. This nuist 
be somewhere near the toj) of the Lower Richmond. 

DinortJiis sco^illci has so far not been found outride of the 
limits of Warren c<>untv. ( )hio, althouijh it is a well character- 
izL'd species. This is ])robablv due tt» its very limited vert'cal 
range. ( )n lA>ngsireth's creek, west « f ( )regr:nia. it occur> at 
about the same level as (iijJirtH^rimis in\illi. a short distance 
below the Pciuinfcrimis i\idi(iCiis horiznn. an<l a greater dis- 
tance below the Ilchcrtclhi iiisciilf'tii hr»rizon. [\ihniviilhi 
jitgosii occurs farther d« wu the creek. 

The type of Lingula :\inJion!ci was ft'UiuI in the Lower 
Richmond, at \'ersailles. Indiana. 

77h' U/(/(//i^ h^ichnu'titi 

Piiufrt/iis suhijuaiit'iifa. HcbcrtclLi iwiiicutiilis. Flatystrit- 
phiii acutHiviUiU and Stroplu^iiicua vetusia \Str, rV.iicxta oi the 
( >b.i(» survey) make tlieir tirsi appearance in the Midille Rich- 
m<nd and arr theref<»:"e ver\- serviceab'"- in disiin«7uishinjj the 
iniddle l\ichnn»iul from the Lower l\iclim«'nd in the areas in 
which Ucbcrtclhi insculj'ta \> absent. I^ir.orthis sulhjimdrata, 
IlchrrtrHit oi'ciih'ntiilis. and r!Kjtyst>\'^hi.i iicittiiir.jtii occur al- 
s<' in the fossiliferons li'ii/ons ••! the I'pper Richmond. Typi- 
cal specimens *^\ //i/\*'7r.",7 th\'iiii^t:txi!:s t»ccur along bVikhorn 
creek nrar Richni' nd. Iniliana. tw enty-srven feet below the 
(1int'>n. l^'>rm> with i nly a moderate de]'>ression along the 
middU" oi ilie d«»r>al xaIw «>ccur in t!ie upper beds as far a* the 
ba>e "l" the l\ichm<Mitl. 
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Platystrophia acutilirata is a descendant of Platystrophia 
laticosta. The typical specimens of Platystrophia laticosta begin 
their appearance in the Bellevue bed, and thence continue 
through the remainder of the Lorraine stag:e into the Lower 
Richmond. In the Lower Richmond a part of the spec- 
imens show an increase in the number of lateral plications 
and a prolongation of the postero-lateral angles, features 
which find their most pronounced expression in Platys- 
trophia acutilirata. Platystrophia cypha from the Lower 
Richmond, is evidently one of the transitional forms in 
which the increase in the number of lateral plications and 
the prolongation of the postero-lateral angles has been accom- 
panied by a reduction in the number of plications on the me- 
dian fold and in the sinus. 

Strophoniena planumbona occurs in the middle part of 
the Lower Richmond. Strophoniena subtenta is found in the 
lower part of the Middle Richmond. Specimens intermediate 
between Strophoniena planumbona and Strophonwna subtenta 
are found in the upper part of the Lower Richmond 
In typical specimens of Strophoniena subtenta the thick- 
ening of the border around the anterior and lateral mar- 
gins of the interior of the shell is comparatively small, 
the muscular cavity is less prominently bordered, and the 
shell attains a larger size. The posterior half of the florsal 
valve is distinctively flattened and usually slightly concave 
anterior to the beak. The strkitions of the ventral valve are 
about equal in size to those of the dorsal valve. Strophoniena 
vetusta diflPers fn;m Strophoniena subtenta in the much smaller 
and more even convexity of the dorsal valve, and in the very 
slight flattening of this valve near the beak. The radiating 
striations of the ventral valve are conspicuously finer than 
those of the dorsal valvje. Moreover, the radiating striations 
of the ventral valve are crossed by fine concentric striations 
and wrinkles which are usually readily seen, especially on the 
posterior half of the shell, and are very characteristic of this 
species. As a rule, the cardinal area of the ventral valve is * 
much higher at the beak in Strophomena vetusta than in 
Strophotnena subtenta. I am under great obligations to pro- 
fessor Stuart Weller for the opportunity of examining the type 
specimens of Strophomena vetusta in Chicago University. 
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siliferous limestones interbedded with richly fossiliferous 
clays. The Upper Richmond consists of much less fossilifer- 
ous material, varying geographically from soft clay to <"lay 
rock and to massive beds of argillaceous limestone, fairly hom- 
ogeneous throughout the greater part of the vertical section. 

In the vicinity of Madison, Indiana, the more massive, 
banded, argillaceous limestone is thirty-two feet thick. At its' 
base and also higher up in the series, some of the layers show 
ripple marks and sun cracks. Beneath this, the rock is softer, 
more clayey, disintegrates more readily, often forming a clay- 
ey section, fifteen to seventeen feet thick. The base of the clay- 
ev section is formed bv a laver, one or two feet thick, which 
evidently at one time formed a thin coral reef. Massive spec- 
imens of Coluninaria alveolata (Fai'istclla stellata of the Ohio 
and Indiana surveys), and Coluinnaria halli (C alveolata of 
most authors of former davs) are very common. Many of the 
specimens form masses six inches thick and twelve inches 
broad. A few are a foot and a half thick and nearly three feet 
broad. Specimens of Calopoccia crihrifonnis arc rather scarce. 
Occasional specimens of Tct radium minus arc found. The 
last named fossil occurs also in layers six feet, and seven and a 
half feet above the coral bed, and in a layer two feet below 
this bed. 

This coral bed may be traced southwestward as far as Han- 
over, and northeastward as far as the northern part of Jeffer- 
son county. Stray specimens of Columnaria alveolata have 
been found at the same horizon as far south as the D. P. IMon- 
^ roe locality, one mile northwest of the Pinckney Swan locality, 
and as far north as Versailles. 

At Versailles, Tetradium minus occurs at all levels in the 
thirteen feet which overlie the layer containing Columnaria 
alveolata. It is quite abundant in about nine feet of the sec- 
tion. The base of the Tetradium bed at Versailles is, therefore, 
approximately at about the same level as the coral bed at Mad- 
ison. This is believed to be the case also at Laurel, where no 
Columnaria has been found, but where a Tetradium minus 
layer, three to four feet thick, occurs at a corresponding level. 
At Richmond, Indiana, small specimens of Columnaria alveo- 
lata and Columnaria halli, not exceeding two inches in diameter, 
occur associated with Beatricea nndulata on Elkhorn creek fif- 
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teen feel heU»\v the ClintiMi. In the valley oi Whitewater river 
John Misncr found twc specimen^ of C. alzcouUi,! near the base 
of the MiiKilf Richmciul. and two e»[ual!y larcre specimens of 
Cti.v/*iuv;j cribrifoDnis were fouiul. one near the base and the 
othtT near the top ^n the Midilk- Richmond. 

Wherever, in Indiana, the horizi n of the coral reef exposed 
at Madison can be determined, or wherever Tctraa'mjn minus 
forms a well marked zone at practically the >ame horizon, the 
base of these l^eds is ci^nsidered the ])alei»ntcloijical liase of the 
I'pper Richmond. 

A irreat coral .reef, nuide up oi numerous specimens of 
CrJiinnuv:^: ij!:r oldt^i. C^uit'iiiuirij JuHi, and Cj/i^/'^vcm cribri- 
rVr;;;i\c i> found als«^ hi Central Kentucky, in Xelson. Marion, 
and Wa>lnnirton co-unties. It i ccurs at the Kise ». f the Rich- 
moml section as exposed in that pan « f the state. This coral 
bed in central Keiuucky pn l>ably was u-M .synchronous with 
the C(-»ral bed in southern Indiana. Altluucfh the lower and 
middle beds of the Richnumd siai^e thin our rapidly s uthward, 
so many .Middle Rich.m«»nd f"ssils ixvur in the l-nver part of 
the KichmoTul section in central Kentucky, just above the coral 
bed. that it >eems prt'bable that tlie ccrai reef ox central Ken- 
tucky i- <'f earlier date tb.an ti^e cTai reef at t>.e base oi the 
I'pper Richmonil in southern huliana. 

W'b.i'e the ]>ase Mt the I'l^pcr Richm.'ud a: :r.any localities 
in M^mlKTU Indiana is chai"acteri.a\l ]»y :iie pre>ence oi niiiner- 
«'us sTKciiVA-ns of c\\'::;-:''.\.' ■;.: ,:.": c. .\;.\:. l\\:. •■;:?..:»:.; haHi. Cal- 
,'r: rc\: c :ry:\ >'':::s. anil :\v'\;.:;:?-: ;::;;..<'. none in these fos- 
sils ;ire c- ■ntinod to this h«^;"i/cn." 

Cr'uriuj'ij <:!:\\\,::ii occurs in i:^e I'lack River limeilone 
.'f « Mu.'.ri- . a'ui in th.e Tre!!!. n fonr.ati- ■:! . f Manit''l»a »ind of 
tile tlistrici I'f Muckcn/ie. 1; i< ifv.'.iil ;i: iV.c ii-p oi the Lor- 
raine. a>socia!eii with /•:■:'.''':. x 'vr:'s.\ ai v.'!if:on. TeuTiessee. 
S'.r.all -peciiueu>. three inches in Ciia:r.eter. . cciir above He- 
:'\'';c.".\: .■•.\NV.-.'."r:.? at v'«>ncor«l. K\. S::i:ii; s]vci:r.ens arc fciind 
a!s«» in the l«n\er half of i!ie Mid.dle Ricl-moiul. ,'v. l\ast Fork 
K*\ '[* .^ids l'"i^rk. • >hii'. and t'lftvvn feet he'fw the ba^e - f -he Clin- 

•".V rt'viiion of jrMirrn niul .*T»*oie» ot Cnn.nt^i.-in iui>i-».-#»ic ..vtr.ils." L M 
LaMHK. lliOl. pp. +3. 90. 03. tK<. lOO. 110. 

The Cincinnati Group in Western Tcnne*!«ci. ./i'i;ri:.i.' o: f;cfo;«\cr. 1903, 

•*Cornli« from the Lower Silarian of Minnr^ota," fJeo/i.^M- o: .\/rrin.. vol 
ill. part 1. WlKCHBLI. aoil Scrochbbt, pp. S5. 93. lU. 
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ton in the valley of Elkhorn creek, near Richmond, Indiana. 
Two large specimens were collected by John Misener near the 
base of the Middle Richmond, at Richmond, Indiana. 

Colujiinaria Italli is typical of the Birdseye and Black river 
formations in Quebec and Ontario. It occurs in the Black 
River group of Xew York. It is found in the Trenton of Min- 
nesota, Wisconsin, Illinois, Kentucky, and central Tjennessee. 
It is abundant in the Upper Lorraine at various localities in Bul- 
litt, Nelson, and Marion counties in central Kentucky, associ- 
ated with Beatricca undiilata. One specimen referred to this 
species was collected above the Hchcrtella insculpta zone at 
Concord, Kentucky. It occurs about eighteen feet below the 
top of the Lower Richmond near Clarksville, Ohio, and also 
twenty feet above the base of the Middle Richmond in Roar- 
ing run, in Warren county. Along Elkhorn creek near Rich- 
mond, Indiana, small ^specimens occur fifteen feet below the 
base of the Clinton. 

Calopoecia cribriformis is probably identical with Cal- 
opoccia canadensis. It occurs in the Birdseye near Otta- 
wa; in the Black river at the north end of lake Huron, 
in the province of Quebec, and on Anticosti; in the Galena- 
Trenton in Manitoba and in the district of Saskatchewan ; and 
in the socalled Hudson river of the northern end of lake Hur- 
on, in the province of Quebec, and on Anticosti. It occurs in' 
beds which may belong to the top of the Lorraine at the Lang 
Smith locality, a mile and a half southeast of Chicago, in Ken- 
tucky, and at the home of George Raley, 3 miles southeast of 
Lebanon, Kentuckv. It has been found bv Dr. G. M. x\ustin at 
the top of the Lower Richmond, in Cowans creek near Clarks- 
ville, Ohio. Two specimens were collected by John Misener at 
Richmond, Indiana, one near the top and the other near the bot- 
tom of the Middle Richmond. 

Tctradium minus is probably identical wnth Tetradiuni 
fibratiim. These forms range from the Birdseye and Black 
River formations in Canada, to the Galena-Trenton in Man- 
itoba, and to the Trenton in Kentucky and Tennessee. Tet- 
radium minus occurs at the top of the Lorraine near the mouth 
of Bull creek, in Clark county, Indiana. In southern Indiana, 
Ohio, and Kentucky, it is common at the top of the L'pper 
Richmond. 
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The chiet thing wliicli is cliarac[<.ristic of the occurrence 
of these corals at the base of the L'pper Richmond in southfrn 
Indiana is their great abundance and large sire at this partic- 
ular horizon, indicating the presence of a coral reef. This 
coral reef is occasionally followed at intervals oi several feet 
by other beds in which the same species of corals occur, but 
in these beds the corals are less numerous and usually much 
smaller. Elsewhere in Indiana and Ohio these corals occur 
only as occasional specimens not fonning reefs. 

Along Elkhorn creek, lour miles south of Richmond, the 
highest exposures containing Slrophotmii<i rrtiisla, Dituvthis 
sul\!iuu!r.ilii. Rliyiu-hotri-iiui dental,:, and Stn'f-lioiiu-iia Siil- 
iciltt occur betwwu fifty and sixty feet below the Clinton. The 
upper beds of the Richmond are more richly iossiliferous along 
Ivlkhoru creek than at auv other kx-alitv in Indiana and Ohio, 
si> far e^;aminod. 
77;r /../• .v ll:r (Yy.T K.v/: »;.■,>.;,/. 

At most kvalities almost tiic entire I'j'per Richmond sec- 
tion is imfossihferous. The coral bed and the layers immedi- 
ately alwe often contain a few fossils. .\t Madison, a whitish 
biu>d of calcariMUS rock six feet aK>ve the coral Ix'd contains 

y/.".';<'.*.'i'i.t _ii'\wi::s. /jV'iy'.'ii.'f./.i '"ist-iu-ri. and a small vari- 
ety oi /';,:.• v.*f../>;ii',r ilnve unarters of an inch in width, the 
hh)j;o line M-arcely cNCeediiij; the general width . f the shell. 
In ihe sandy layers immediately above. A'-jy';.-.':. .t.-om ca/'tJjr, 
.Vf-.'^tti ■•■.■<■',■.; ,v;(,V.;,',j. //.■,''i"'.'i..\; s'::;:.r.!. an.', '.arsie. branching. 

soii:lieni half v'l Uiplvy conm;. . in 1uv;:,i;>;-l, ;;:c :i;!d,ile part of 
the I piH-r Kichuicnd siVliiu contains a C'!is;>:erab:e bryozoan 
f.inn.i. ,ilih"ni;h the nmnber oi <i';v:es i^ appartnt'.y sniall. 
'(. ■,■•.■■.■.■■.',: .*;';r;,:.-.; .niil ':^us-'<:\\h:x: •.:■::',:.■,: are fairly common. 
Nca: \ii>.iil:e> the upper part of the Ipper Rici.mond con- 
si-i- .1 >,ind> cl.iy ci'ntaiuing in addition to numerous speci- 
•;i.-!-. I I l>;\,".oa, aK> .V.'r,-/>MtUMa nufiVtim. Pr^^tjr,-j irtu^ta. 
.■;'.■■■.■'.■.■'."„• .•.■.■.■.■.■'i.'.t.V«. Stm^amma suliau. .m.'. the small 
: .■..•.•\,>'."::.i «ill' ^i ^llo^ hin|^||^|diKh <x\-i;rs aI>o lower 
-..vii.-ii. \l.'i<^ I'lkh^^^^HKjnitcs :^x:-Ji of Rich- 
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mond, Indiana, the Upper Richmond is richly fossiliferous. 
Bucania crassa occurs associated in the various species of Is- 
chyrodonta, seven feet below the Clinton. Helicotoma margin- 
ata is found associated with Beatricea iindulata fifteen feet be- 
neath the Clinton. It is evident that, notwithstanding the gen- 
eral scarcity of fossils at most exposures of the Upper Rich- 
mond, continued search will reveal a considerable fauna.- Most 
of the forms so far identified seem to occur also in the Middle 
Richmond, but when the bryozoans are studied it is probable 
that a number of species will be found restricted to this upper 
subdivision of the "Richmond stage. 

At Madison, Indiana, fossils are found in the thin clavev 
partings between the upper layers of the massive banded argil- 
laceous limestone. Immediatelv above are several feet of fos- 
silifcrous clay and fine grained, dense, bluish limestone. These 
contain, in addition to fossils found also in the Richmond beds 
beneath, a few fossils which are apparently typical of this hori- 
zon. Among these are Cyrtocerina madisoncnsis, Lophospira 
haininclli, and a species which was described as Holopca hitb- 
bardi, but which probably belongs to some undescribed genus. 
Labcchia ohioensis, Labcchia montifcra, Tctradium minus, and 
various species of ostracoda are common at some localities, but 
are found also at lower horizons elsewhere. In the reports of 
the Indiana survey, the beds at the top of the Ordovician sec- 
tion at Madison are referred to as the Murchisonia ItaimnelH 
beds,* or as the gasteropod layer. Since the most varied fauna 
so far obtained from this horizon was collected in West ^ladi- 
son along the brow of Hitz hill, on the western side of the 
Madison branch of the Panhandle railroad, the bed mav also be 
called the Hita bed. The most southern exposure of this bed 
so far seen is located about ten miles southwest of LaGrange. 
near Floydsburg, Kentucky, on the Alexander Sinclair farm. 
The most northern localitv known is found two miles north of 
the southern boundary of Ripley county, four miles west of 
Cross Plains, Indiana. The distance between the extreme 
points named is nearly fifty niiles. 



* Twenty-first Report, Indiana Survey, 1897, p. 222. 
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H. ni-AKKASK IX THICKNKSS ( •!■ VUE RlCllMnM) GROri*. 

I. huiiiuui. 

The KiehiJionii stoi^e. 

At F«»ri Recovery." in ihc s«»iith\ve>tern ]\iri of Mercer 
Ci untv. ( )lii.\ a lx'»l oi fossilifennis linle^^'lle was struck in a 
iiras well, at a level i>t 2^0 feet beneath the Clint* m. The fos- 
silifenus limestone continues for a ilepth "f thirty feet. The 
p.ck is alin«»st entirely inailc up *^\ Pj.*?;:.7;:c.Vj jni^osa. The 
thickness of the Richmon«l >ta-ie at l'<»rt Rec- verv is therefore 
ah«nit ^I'H^ feet, l-'mm thi> p« iiu s<-uih.wanl. as far as Raywick, 
in ilie we>tern pan of Marion cninty. Kentucky, a (listance of 
JiX^ miles, the Richmond sta^e hec-^mes c«»nstantlv thinner. 

lietween l\irt Recovery. i/>hi. . and the Rrvkville-Laurel 
Section, in luiliana, a distance •»! seventy milL<. tlie thickness 
«»l' the RichnitMid diminishes fn»m ^l\^ t«> J^o feet, an averae^e 
tlinMuution oi .7 ftM t per mile. IVtwcen llr- "-kville t 250 feet) 
and \"er>ailles « J17 feet ». a disian.ce -M* thirty n^iles, the aver- 
ai^e iliminution in thickne>< is i.i fe^l jK-r mile. Tietween \'er- 
>aiiles ( J17 feet ) and Madisi n 1 17S feet ». a ilisiance of iwen- 
ty-tive miles, the averai^e dimimitivMi is i.<» iVet p-er mile. r»e- 
tween Matlism i 17S feet) and. Ilan«»ver 1 u^i feet>. a distatice 
«'f live miles, the a\erai:e <liminution i^ ahinit i.8 feet per mile. 
I'eiwevu Hano\er » n^j feet* an^l tlie Tickurv Swan localitv 
on Saluda creek . i4i> teeM. a iii>tance if five miles, 
tlu- averajL^e diminiui« n is ahr-ui 5.S feet | er mile. He- 
tween Saluda creek n.|0 feel 1 and Marhlv Hill iiii feet), 
a ili'-iance y^X ^v5 mile^. the average 'li;riinuii««n i> 8.3 feet per 
mile. r»etween Marhle Mill i iii fcct > and the mouth oi Tull 
creek «S^ feel K a ili>tance oi rlevru ir.iles. the averaije tlimin- 
uii«-n .m' tlic Richmt nil siai:e i> J.5 feet jxm* !r.ile. 

7V:c .l/;"i:\;.'i* jii\/ l.v'ieer /\:C'V.'.',^>;t/. 

As far Siuuh as Hanover. Indiana. /\;. ■:.;■: c.".\; in^i^sa is 
very ahundam at the ha>e oi the Richn^'ud sta^ie. its range 
extending through the j^reater part oi the Lower Richmond. 
At the ISnckney Swan ItHralily on Saluda creek, it is ahund.int 
only in a few feel oi nvk at the Ixise of the Richmond sec- 
lion. .\t Marl^le Hill, a few s|K\:iinens were icun.l in ihe few 
inche> of >andv limestone at the verv kise of th^ Richmond 
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section. Two feet above the base, Strophomena rngosa and 
Strcptelasma rnsticum are found. At the mouth of Bull creek, 
Dalmanella jugosa was not observed. Southward, as far as 
Raywick, in Kentucky, it is apparently absent, or at least does 
not form a conspicuous part of the fauna at the base of the 
Richmond section. 

The diminution in the vertical range of Dalmanella jugosa, 
from Hanover southward, is accompanied by a diminution in 
the thickness of both the Middle and Lower Richmond. In 
the following measurements the top of the richly fossilifcrous 
part of the ^liddlc Richmond has been chosen as the most 
easily recognized horizon near the top of the Middle Rich- 
mond in the southern part of the area under discussion. The 
thickness of the section included' between the base of the Low- 
er Richmond and the top of the richly fossilifcrous beds near 
the top of the Middle Richmond at Madison is no feet: at 
Hanover, 100 feet; at the Pinckney Swan locality on Saluda 
creek, 68 feet; at Marble Hill, 44 feet; and at the mouth of 
Bull creek, 30 feet. 

At the mouth of \^\\\\ creek, the Lower Richmond is only 
twenty feet thick. The fossils are most numerous in the lower 
eleven feet, consisting of clay and a few thin beds of interbed- 
ded limestone. The top of the Lower Richmond is formed 
by a wave-marked layer of limestone. Above this are ten 
feet of light colored clay and whitish limestone, containing 
Dinorthis subquadrata, which fomi the richly fossiliferous part 
of the Middle Richmond. A])ove this somewhere should be the 
horizon containing massive corals. A stray specimen of Col- 
umnaria alveolata in a sandy matrix may have come from this 
horizon. A single specimen of Columnaria halli was found in 
the white rubble limestone forming the Middle Richmond. 

* * * sk 

TT. Kentucky, 

The Richmond. 

Between the mouth of Bull creek, in Indiana, and the cross- 
ing of the Loiiisville-Banlstown pike over Floyds I'ork (lo- 
cality j(>). in Kentucky, a (li^tance of 25 miles, the Richmond 
stage (liniinislu's from 83 tVet to about T/i feet: according to 
this, the average rate of diminution oi the Richmond stage is 
about .7 foot ])er mile. Three miles south of I^'loy<ls l^'ork. 
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along the creek south of Mount Washington, the thickness of 
the Richmond is apparently the same as at Floyds Fork, name- 
ly about 69 feet. However, between Mount Washington (Tk) . 
feet) and the William McGrudor locality (32 feet), north of 
Cane spring, in the southeastern part of Bullitt county, a Jis- 
tance of 8 miles, the average rate of diminution is about 4.6 
feet per mile. The thinnest section of the Richmond, so far 
discovered in Kentucky, is located along the road leading 
southwest from Ball town. Here the Richmond is only 22 feet 
thick, indicating an average diminution in thickness, in the 
13 miles south of the McGrudor locality, of about .8 foot per 
mile. 

The Middle and Loiccr Richmond. 

The thickness of the richly fossiliferous clays and thin 
limestones, at the base of the Richmond stage, appears to be 
about the same at the crossing of the Louisville-Bardstcwn 
pike over Floyds Fork, and south of Mount Washington, as at 
the mouth of Bull creek, namely, between twenty-five and 
thirty feet. This suggests that the lower, richly fossiliferous 
part of the Richmond section at these localities includes both 
Lower and Middle Richmond strata. Xo attempt has been 
ijiade as yet to distinguish between them. Strophomcna ru- 
gosa occurs in the lower part of the Richmond section at 
Flovds Fork. H chert clla occidcntalis has been found at the 
top of the richly fossiliferous section at Mount W^ashington. 

Within a distance of four or five miles southwest of Mount 
Washington, the very fossiliferous part at the base of the Rich- 
mond is reduced to about fifteen feet, and about eight miles 
south of Mount Washington, at the William ^IcGruaor local- 
ity, in the southeastern part of Bullitt county, its thickness is 
only five or six feet. Farther south, in Nelson and Marion 
counties, the richly fossiliferous part at the base of the Rich- 
mond varies between six and eleven feet. 

It is j)Ossible that the sudden decrease in thickness of the 
richly fossiliferous part of the Richmond stage between Blount 
Washington and the William McGrudor locality is accompan- 
ied by the disappearance of the Lower Richmond. The evi- 
dence is not conclusive. Most of the fossils found in 
this richly fossiliferous part ni the section at the Willinni 
Mc(^irud(^r localitv, and at the numerous localities in Xel- 
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son and Marion counties, belong to species common to 
both the Lower and the Middle Richmond. Among these 
are Hchcrtella sinuata, Strophomcna sulcMta, iRafinesquina 
alternate, Rhynchotrcma capax, Zygospira modesta, Bys- 
sonychia radiata, Lophospira tropidophora, Strcptclasina rus- 
tic urn, Pro tar ca vestusta, Tetrad ium minus, and various var- 
ieties of Platystrophia. Several species, however, are not 
known to have occurred earlier than during the Middle Rich- 
• mond. Dinorthis suhquadrata was found in ihe richly fossil- 
iferous part of the Richmond at Bardstown. A typical speci- 
men of Platystrophia acutilirata was found at Bardstown, and 
several,, with almost equally prolonged hinge-lines, at the Wil- 
liam McGregor locality. Strophomcna vctusta occurs at Bards- 
town, Ravwick, and at the McGrudor localitv. 

In central Kentucky. Bcatricea undulata, Beatricea nodu- 
losa, and Hetcrospongia subramosa appear to be more charac- 
teristic of the ui)pcr Lorraine than of any other horizon. How- 
ever, at Withrows Run, west of Bardstown, both species of 
Beatricea have been found, associated with PalacophyUum di- 
varicans and Protarea vctusta, a ?hort distance above the great 
coral bed : and, at Ray wick, a large robust specimen of Bea- 
tricea undulata and several specimens of Hetcrospongia sub- 
ramosa were collected at about the same level. Southw'est of 
Mount Washington, along Whittakers creek, a depauperate 
specimen of Beatricea undulata, three-fourths of an inch in di- 
ameter, and Ifetcrospongia subramosa occur at the l)ase of the 
Richmond section, associated with Strcptclasina rusticum. Be- 
atricea nodulosa was collected by A. C Benedict in the Rich- 
mond nt-ar C\.innorsville, Indiana. The exact horizon of the 
Coiinorsville si)ecimen is unknown. Beatricea undulata occurs 
at Richmond, on Klkhorn cifeek, fifteen feet 'nelow the Clinton 
in the rpi)er Richmond. It is assiK-iated with specimens of 
Beatricea wliicli have a smooth cylindrical form: net fluted 
lonij^itudinally as in B. undulata, nor wltli distant irregular ek- 
vations as in />. nudulosa. Similar smooth cylindrical speci- 
mens Mccur east i)i Ray wick, in Kentucky, in the great coral bed 
forty-one feet below the clierty beds forming the u])per half of 
the ClintcHi. Another si>ecimen was found along the road 
northwest of I^Vederioktown. Kentucky, apparently having 
<lropped from soniu jioint below the great coral bed. At Rich- 
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mond the smooth cylindrical form is connected witli undoubted 
Beatricea utidulata by intennediate forms. To avoid definitely 
referring these forms to typical B. ttttdnlata they may be known 
as Beatricea cylindrica. On the island of Anticosti both species 
of Beatricea have a much more extended range, apparently 
from the Trenton to near tlie top of the Ordovician. 
Coral reefs in Kentucky and Indiana. 




ill \'ul?nn. Marion anil A\'ashiiigton cuimtics, Kentucky, 
an assemblage uf massive corals nccnrs which is identical witli 
the corals funnd in the coral reef at Jtadison. Indiana. i\'l- 
uiiiiitiria ak-cohilii and Coliiiiiiuiria holli arc common, and i'ul- 
oPocfia crihrifuntii.f occurs in cuusidorable numbers at snme 
localilies although ihe specimens rarely equal a ioot in di mi- 
eter, Tn llic nnrtbiTn coral reef the naiue .Madison coral rcrf 
is lu-re given, while the one in central Kentucky is called the 
Bardslowii coral reef, f Kving tn simillarily in appearance 
tile lemjiialiou is very groal in consider llie Iwo coral reels as 
<tf practically ihe same age. This leuiptalioi' is <freiis^ilir>iK'd 
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by the fact that the greater part of the overlying Richmond 
section in central Kentucky is practically unfossiliferous, 
and that a part of this section strongly resembles the banded, 
massive, argillaceous limestone forming the chief part of the 
Upper Richmond in southern Indiana. The occurrence im- 
mediately above the Bardstown coral bed, of fossils known to 
occur commonly in the Middle Richmond, does not vitiate 
such a conclusion since the fossils so far identified from the 
beds immediately above the Upper Richmond or Madison coral 
reef in southern Indiana are such series as also occur in greater 
numbers in the Middle Richmond. 

However a comparison of the various Richmond sections 
along the western side of the Cincinnati anticline (Plate 22) 
suggests that the fossiliferous part of the section immediately 
af)ove the Bardstown coral bed in central Kentucky is the south- 
ern, attenuated extension of the richlv fossiliferous section 
forming the lower part of the Richmond at Mount Washington, 
and at Bull creek. But the fossiliferous part of the sections at 
Mount Washington and Bull creek is evidently of Lower and 
Middle Richmond age, and occurs below the Madison cor^l 
reef horizon. For the present, therefore, the conclusion is 
drawn that the formation of the Bardstown coral reef was not 
synchronous with that of the Madison reef. 

A further examination of the accompanying sections will 
show that the Bardstown coral reef has been assumed to 
be the base of the Richmond stage in central Kentucky. This 
was dune l)ecause at numerous localities characteristic Rich- 
mund fossils were found immediately above the coral reef, and 
no Richmond group brachiopods were found in the layers im- 
nit'diately beneath. At several localities, one or two specimens 
of Sircl'tclasnia rusticum and Prat area vetusta were found sev- 
eral feet below this coral bed. At some localities there are 
several coral beds, several feet apart or even at greater inter- 
vals, containing Colnmnaria ah'colata, Coliimnaria Iialii, Te- 
trad in ni niiiius, and occasionally even Calopoecia crihriformis. 
It then becomes difficult to determine where to draw the line 
between the Richmond and the Lorraine. The massive corals 
ap])car to have a greater vertical range in central Kentucky 
than in Ohio and Indiana. At several localities Strcptelasma 
ntsticnm occurs several feet lower than anv other fossil usuallv 
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considered characteristic of the Richmond stage. As a rule 
the lowest strata containing characteristic Richmond brachio- 
pods or the coral bed immediately beneath, wherever any coral 
bed occupied this position, was regarded as forming the base 
of the Richmond section. Much new light will undoubtedly 
be shed upon this question when the bryozoans, the most valu- 
able horizon markers of the Ordovician, are more fullv studied. 

The Upper Richmond, 

At Madison, Indiana, the greater part of the Upper Rich- 
mond consists of the nearly unfossiliferous, massive, banded, 
argillaceous limestone which forms a conspicuous element at 
all waterfalls and other steep cuts near the upper part of the 
hills. This rock can be distinguished readily from any other 
rock in the section. Southward it can be traced with ease as 
far as Charlestown Landing in Clark county in Indiana. Typ- 
ical exposures occur at numerous localities in Oldham. Jeffer- 
son, and Bullit counties, in Kentucky. The exposures of the 
massive limestone at the top of the Ordovician section south of 
Mount Washington, and at the Asa Lutes and Kirby Jones lo- 
calities are lithologically identical with those along the Ohio 
river in the southern part of Indiana. Similar rock is also found 
south of the Kirbv Jones localitv, in Xelson and Marion cuun- 
ties, Kentucky. Here, however, the thickness of the Upper 
Richmond sc\rtion is much less, and the massive rock forms a 
less conspicuous part of the section. It has not yet been defin- 
itelv demonstrated that the richlv fossiliferous beds above tlie 
Bardstown coral reef iu Xelson and Marion counties l)elong 
to the ]\lid(lle and nt)t to the Upi)er Richmond. At i)rcscnt. 
however, tliey arc regarded as of Middle Richmond age. antl 
the base of the immediately overlying, nearly unfossiliferous 
portion is regarded as the l)aso of the upjxT Richmond. 

C. CoN'CLrSIONS. 

The following conclusit>ns art- offered as perhaps the most 
reasonable in the j^resent condition of our knowledge. 

Tlie Lower Richmond diminishes in thickness from I'ort 
Rccoverv in western ( )liio. south ward. West of tlu* Cincin- 
nati ui)lift. the last tracts of the Daliuanclla jui^^osa yawv are 
seen at Marble Hill in ^ontliern Indiana. The ui)])er i)art f>f 
the Lower Ricliiui'iid can l)e readily Identified at tlie nirjutl: of 
liull creek: it is probably ])resent at Mount \\'ashingt()n and 
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at other localities in the immediate vicinity of Salt river, but 
farther south, in Nelson and Marion counties, it seems to be 
absent. On the eastern side of the Cincinnati uplift, tlie Dal- 
niwiella jugosa zone is fully represented at Concord, in Ken- 
tucky. It disappears at some point north of Owingsville. The 
upper part of the Lower Richmond has been detected at Spen- 
cer,* and it unquestionably extends farther southward. 

The Middle Richmond also diminishes in thickness south- 
ward. West of the Cincinnati uplift the Middle Richmond has 
been recognized as a distinct formation as far south as the 
mouth of Bull creek in southern Indiana. The fossils belong- 
ing to this horizon, however may be traced much farther south- 
ward. Middle Richmond fossils occur at Bardstown in Nel- 
son county, and at other localities in Nelson and Marion coun- 
ties. It is believed that the Middle Richmond has a greater 
southward extension in central Kentucky than the Lower Rich- 
mond. East of the Cincinnati uplift the Middle Richmond is 
well exposed near Concord, Kentucky. In central Kentucky 
the corresponding horizon seems to consist of argillacerus, 
nearly un fossil if erous rock, and it may apparently be traced as 
far south as Shelby City, four miles south of Danville. 

The Upper Richmond also diminishes considerably in thick- 
ness southward, but its thickness in Nelson and Marion coun- 
ties is sufficiently constant to suggest an extension of this 
formation into southern Kentucky. It is probable that the 
Richmond exposures ^ong Fishing creek, west of Somerset, 
and along the Cumberland river, east of the Cincinnati uplift, 
belong to this.horieon.f Hebertella sinuata, Byssonchia radi- 
ata, Pteriuea demissa, and Streptclasma rusticum may occur in 
any part of the Richmond, but the forms of Platystrophia along 
Fishing creek resemble more the small variety with a hinge- 
line scarcely exceeding the width of the shell, occurring in the 
irpper Richmond, than any form commonly found in the Mid- 
dle Richmond. t 

If these conclusions are correct, the Middle Richmond ex- 
tended farther south, in central Kentucky, than the Lower 
Richmond, while the Upper Richmond probably reached nor- 

* "The Cincinnati anticline in Sotithem Kentticky." Ambrican Gbolooimt, 
1902, Tol. XXX. p. 368. 

+ Ibid., p. 304. 

X "The Morpho8^ene«is of Platystrophia," B. R. Ccminos, p. 25. 
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thern Tennessee. Sufficient data are not at hand, as yei, to 
determine whether these formations diminish in thickness on 
being traced from the flanks toward the crest of the present 
f Cincinnati uplift. 

The southern extension of the upper half of the Lorraine, 
in central and southern Kentucky, is much more argillaceous 
and siliceous than the northern portion, in Indiana and Ohio. 
It also contains a much smaller number and variety of fos- 
sils. At many levels and at many localities there is evidence 
of deposition during shallow water conditions. There is abun- 
dant evidence that at the close of the Lorraine these shallow 
water conditions extended northward into Indiana and Ohio. 

At Marble Hill, the socalled marble stratum foniiing the 
top of the Lorraine consists of 1 1 feet of white, massive lime- 
stone almost entirely composed of rolled fragments of thick- 
shelled gasteropods and lamellibranchs, swept together by 
some powerful current. The top of this stratum is strongly 
wavemarkcd, the trend of the ridges being ten degrees east 
of north. This stratum has an extension of at least ten miles. 
About five and a half miles south of Versailles, the top of the 
Lorraine is formed bv a wavemarked laver of limestone. The 
lowest Richmond beds at Lebanon, Ohio, arc wavemarked. 
Numerous other instances of wavemarking at this horizon 
might be given. 

Another evidence of shallow water conditions at the close 
of the Lorraine in Indiana and Ohio consists in the frequent 
occurrence of nodular clay or of nodular clayey Hmestone at 
the top of the formation. This is especially characteristic of 
the top of the Lorraine along its line of outcrop in Ohio, but 
mav be seen also at manv localities in Indiana. 

Shallow water conditions are in evidence also at manv iev- 
els in the Richmond stage throughout Indiana and Ohio. The 
great thickness of the Richmond stage along the northern line 
of outcrop in Indiana and Ohio as compared with the thickness 
in central Kentucky was probably due to a long continued 
progressive depression of the sea bottom in the more north- 
ern area, while the elevation of the sea bottom may liave con- 
tinued for some time after the close of the Lorraine in con- 
tral Kentucky. At least, the rate of (lej)ression in the soutli- 
ern area mav have been nuich less. 
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Western Ohio and eastern Indiana appear to have been an 
area of long continued progressive depression during Ihe de- 
position of the entire Cincinnati series. Evidences of shal- 
low water conditions are found at all levels within this series. 

The numerous borings for gas and oil in western Ohio* 
have shown that the Cincinnati series reaches its greatest 
thickness in the most eastern wells, along a line extending be- 
tween Favette and Ottawa counties. Conditions east of tVese 
counties are unknowm. From the line which joins the most 
eastern wells, westward, the thickness diminishes everywhere. 
The wells in Indiana t show that this diminution in thicki?ess 
continues across the state of Indiana into northern Illinois 
and southern Michigan. The outcrops of Ordovician strata in 
western and southern Illinois and in Missouri indicate a di- 
minution also in that direction. This suggests that the area in 
western Ohio and eastern Indiana was a region of maximum ' 
subsidence during the deposition of the Cincinnati series. Dur- 
ing this period the areas is southern Kentucky and northern 
Tennessee, and in western and northern Illinois w^ere regions 
of less subsidence or at times possibly even of elevation. 

The wells in Ohio and Indiana do not indicate a decrease in 
thickness of the Cincinnati series from the flank towards the 
crest of the Cincinnati uplift along the western side of its 
present extension into these states. This suggests that the ori- 
gin of this part of the Cincinnati uplift may be of later date 
than the close of the Ordovician. Sufficient data have not yet 
been collected in Kentucky to determine whether the very evi- 
dent dome which now exists in north central Kentuckv was 
already in existence in Ordovician times. The Cincinnati up- 
lift may have originated in southern Kentucky and northern 
Tennessee. The low fold which now extends, with a trend of 
25 degrees east of north, from Tennessee through central Ken- 
tucky may have been due to subsequent epeirogenic move- 
ments. Its northern extension into Ohio and Indiana may have 
been of still later date. It is evident that a much greater ac- 
cumulation of facts is needed before deductions can be made 
which will have any value excepting as offering suggestions 
of subjects for future investigation. 

t (ieology of Ohio, vol. vi, 1K88. 

f 'Studies of the Indiana Xataral gas field." Fbank Lbvbrbtt, Ambb 
Gbol.. vol. iv, 1889, p. 6. 
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The shallow waters surrounding this area of long contin- 
ued, progressive subsidence contained a wealth of animal life. 
This life, owing to geologic causes not yet definitely worked 
out, was subject to migrations. The character and direction 
of these migrations is certain to prove a subject of investiga- 
tion m the near tuturc. 

As a result of these migrations, some species entered the 
field here under investigation, and, after a brief existence, dis- 
appeared again. 

For instance, at some time previous to the Cincinnati epoch, 
the genus StropJiomena* disappeared from southern Ohio, In- 
diana, and Kentucky. In the lower Utica, Strophonwna hal- 
liana is a rare fossil. At the close of the deposition of the 
Mount Hope beds, Strophomena planoconvexa entered the 
field, and, after forming part of a layer a few inches thick in 
the vicinity of Cincinnati, it disappeared again. A little later, 
during the deposition of the Fairmount beds. Strophomena sin- 
uata had a nearly equally brief existence. No other Strophom- 
enas are known until the base of the Richmond stage is reached. 
Strophomena planoconvexa and Strophomena sintiata belong 
to different sections of the genus. Nevertheless their occur- 
rence within fifty feet of one another separated by considerable 
intervals from other horizons containing Strophomena may 
have some significance, since this suggests the possibility of 
brief connections of the sea near Cincinnati during the earlier 
Lorraine with some other area in which the development of 
the genus Strophomena was more continuous. It would be 
interesting to know from what source the species migrated to- 
wards Cincinnati. The forms identified as Strophomena 
planoconvexa near Maysville, Kentucky, have a vertical range 
of fifteen feet, being very abundant in the lower six feet, while 
the typical forms at Cincinnati have a range of only a few 
inches. During the deposition of the Richmond, connection 
with the region from which Strophomena simiata and Str. pla*- 
noconvexa migrated may have been established again, the first 
species being represented in the Richmond by Strophomena 
sulcata, while the latter is represented by an undescribed 
species diflfering only in its greater width and shorter length. 



t "The Lower Silurian Deposits of the Upper Mississippi province. WiN- 
CHBLL and Ulrich,1897, GcoI.Minn., vol.iii, part 2, pp. ciii, civ, also 384-396. 
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The section of the genus represented by Strophomena nut- 
ans, Str. rugosa, Str. subtenta, Str. vetusta, and Str. neglecta, 
may have entered the Cincinnati area from some other direction. 
No species representative of this section have so far been dis- 
covered in the Utica or Lorraine in the area under discussion. 
The greatest number of closely related species known is found 
in the Trenton and Cincinnati series towards the northwest, in 
Minnesota and neighboring states. 

The genus Dinorthis is unknown in the Cincinnati series of 
the Cincinnati region until the middle of the Warren bed is 
reached. Here Dinorthis retrorsa is found. At Madison in In- 
diana the vertical range is confined to a few inches of clay. 
Along the northeastern line of outcrop in Ohio it has a vertical 
range of several feet. Its nearest relative is a smaller form 
occurring in the Trenton at Ottawa in Canada. Dinorthis sco- 
villei and D. subquadrata may represent migrations from the 
northwest. At any rate the most complete series of forms in- 
termediate between Dinorthis subquadrata and the Trenton 
representatives of this genus so far known occur in Minnesota 
and neighboring states.* 

Between Hebertella bellarugosa in the Trenton and H, in" 
sculpta at the top of the Lower Richmond, there is a great 
interval, but both species are distinctly western. f The narrow 
vertical range of Hebertella insculpta in Ohio and Indiana sug- 
gests its introduction into the fauna of those regions through 
migration. Hebertella occidentalis, which occurs in the Mid- 
dle and Upper Richmond, is also a distinctly western species. 

Catyzyga headi, on the contrary, finds its nearest relatives 
towards the northeast. 

The massive corals, Columnaria alveolata, Columnaria halli, 
Calopoecia cribriformis, and Tet radium minus are essentially 
Trenton forms which are absent in the lower and middle parts 
of the Cincinnati series, but are abundant at certain levels in 
the upper part of the Cincinnati group. This is also true of 
Protarea vetusta and Streptelasma rusticum. Their migration 
during the later part of the Cincinnati epoch was probably 
from the north, but there is nothing to suggest whether from 
the northeast or the northwest. 



•Ibid., pp. 424-4S1. 
t Ibid., pp. 434-435. 
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Beatricea undulosa and Beatricca nodulosa range from the 
Trenton nearly to the top of the Ordovician on the island of 
Anticosti, but in Kentucky they are found only near the top of 
the Lorraine and in the Richmond. 

The preceding observations suggest that an important part 
of the fauna of the Richmond stage, as represented in Ohio, 
Indiana, and Kentucky, was not developed from the Lorraine 
fauna of the same area but entered this field from some more 
northern territory as the result of migration. This part of the 
Richmond fauna has a distinctlv Trenton facies. Since the 
greater number of varieties intermediate between the charac- 
teristic Trenton species and their Richmond representatives 
appear to be preserved in the Trenton of the northwestern 
states, Minnesota, Iowa, Illinois, Wisconsin, Manitoba, and in 
the Trenton of Ontario and eastern Canada, it seems probable 
that this part of the Richmond fauna was developed chiefly north 
of the present Ohio basin, and presumably within the terri- 
tories designated. From these territories that part of the Rich- 
mond fauna here under consideration appears to have entered 
the Ohio basin by at least two routes : one from the northwest 
bringing in the riigosa group of Strophomcfm, Dinorthis sub- 
quadrata, and possibly Hehcrtclla insculpta, and another from 
the northeast, bringing in Dinorthis retrorsa, and Beatricea. The 
migrations from the northeast appear to have begun in the lat- 
ter part of the Lorraine, and to have taken a path which was 
cut off from New York, so that the Richmond fauna did not 
enter that state or the Appalachian region.* The migrations 
from the northwest apj)ear to have begun later but to have been 
more influential in determining the chief characteristics of the 
Richmond fauna. The derivation of the typical Richmond 
fauna from some more northern areas is not inconsistent with 
the existence of some of the Trenton ancestors within the Ohio 
basin during Trenton times, since the Trenton fauna may have 
retreated towards the north at the close of the Trenton, and 
given way to the Utica faulia which marks the l)eginning of 
the Cincinnati epoch. 

Some of the forms of brachiopods occurring in tlie Cin- 
cinnati scries of the Ohio l)asin are probably largely the result 

•Paleozoic seas and barriers. Ulkicii nnd Schuchkkt. Report of Sew 
York State Paleontologist for 1901, published in 1902. No. 'J. 
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of local development. The great variety of closely related 
forms of Plectorthis in the Lorraine, near Cincinnati, suggests 
that these species were largely differentiated in the area under 
'consideration. This is also true of various forms of Zygospira, 
Dalmanella, and Platystrophia in various parts of the Cincin- 
nati series. The various forms belonging to the group of 
Strophomena rugosa, which occur in the Richmond series, were 
also probably differentiated in part in the area in question. 
They show variations sufficiently distinct to warrant specific 
names, but thev are connected bv numerous intermediate forms. 



AN OLD PLATTE CHANNEL. 

By G. E. CONDRA. University of Nebraska. 

The region considered in this paper is a shallow valley some 
twenty-eight miles long and six to eight miles wide extending 
across Saunders county from northwest to southeast. The 
nature of this country with its rich agricultural resources is 
slowly coming to be better understood by the prosperous resi- 
dents. As yet. the region has not been named. To the south, 
about Wahoo and Mead, it is bv some erroneouslv called the 
Wahoo valley. To the north, near Morse Bluff and Cedar 
Bluffs, it is quite generally confused with the Sand creek val- 
ley. This incorrect use of terms is due to the fact that Wahoo 
creek, and Sand creek, a tributary of the former, have cut a 
shallow trough in and along the western side of the nameless 
valley. The name Wahoo does not properly apply to both 
troughs ; while such usage is not general, the name Wahoo 
should be restricted in use so that it will stand for the valley 
produced by the creek of that name. The same might be said 
of the use of the term Sand creek. It does not seem best to 
propose the names Greater Wahoo and Lesser Wahoo. A name 
that indicates occupation by an Indian tribe or stands for ef- 
fective service by some geologist should be selected. The 
writer prefers the latter, and at the suggestion of professor 
K. IT. Boohour, state geologist, herein proposes the name '*Todd 
valley'* in honor of professor J. E. Todd of Vermilion, South 
Dakota, who has given nuich time to a study of the drift of 
this localitv. 
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Data on which the paper is based have been collected from 
a number of sources extending over a period of ten years. In 
1893, while passing from York to Fremont over the Chicago 
and Northwestern (Formerly F. E. & M. V.) railroad, the 
break or gap in the bluffs between Morse Bluff and Cedar 
Bluffs was observed and noted. Later, and at different times 
while traveling between Lincoln and Fremont over another 
line of the same railroad, as well as to and from Valley over the 
Union Pacific railroad, my attention has been directed to the ^ 
valley with its bordering highlands which show a quick change 
in topography. The C. & N. W. railroad passes obliquely 
across the vallev between Wahoo and Cedar Bluffs a distance 

m' 

of twelve miles, while the U. P. railroad traverses the valley 
between Wahoo and Mead a distance of about six miles. On 
the Fremont topographic sheet Mead is incorrectly given as 
Marietta. Marietta is a precinct northwest of Mead. 

The writer has made trips with a team and on foot to prac- 
tically all points shown on the accompanying map. Superin- 
tendent J. W. Searson of Wahoo has assisted me in making 
the acquaintance of well men in different towns. The most 
valuable well records were obtained from I. S. Crawford of 
Wahoo, E. G. Adell of Yutan, and J. G. Martin of Cedar 
Bluffs. 

C. A. Fisher, in 1898, mentioned and briefly described the 
valley in his second degree thesis, "Geolog}' of Saunders Coun- 
ty." The relief map published by N. H. Darton, 1898, plainly 
shows the region (See 19th Ann. Rep. U. S. G. S., Pt. IV, 
^1- 75)- Wahoo, and Fremont topographic sheets from 
which the accomi)anying map was drawn, show the surface 
conditions in detail. Professor J. E. Todd, in Bull. 158 U. S. 
G. S., 1899, gives valuable data on stratigraphy and topography 
as well as the probable oiigin of the valley which we are at 
present considering. 

Topography. 

General. — The map, or l^^ig. i, shows two lowland areas 
and the highlands. Two distinct tyj)es of topograpliy, ditler- 
ing in oriq-in. arc represented. The flood plain or valley i1nor 
of the Platte, and the floor of Todd valley constitute the low- 
lands ; the latter, however, is soniewliat elevated at the north- 
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cm entl. There are three highland areas only one of which 
concerns us much at this time. 




■ Ploltc and Its Flood Plain. — The I'latte is a broad. 
■. aud over-loaded river. It is further characterized 
uToiis sanii hars and low sandy i.slands. The floor is 
L-vel, little dissected, and imperfectly drained. Over- 
lannds and low sinuous, sandy ridges show where the 
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stream has swept across the flood plain carrying away sur- 
face soil and sand. These irregularities are produced by cut- 
ting where the grade causes an increase in velocity ; where the 
velocity is decreased, deposits accumulate at flood time. 
When the ice '*goes out'* in the spring, gorges form at places 
causing overflows. Then it is that the Platte is most erratic. 

Small sand dunes resulting from wind action occur near 
Fremont and Valley. The flood plain varies much in width, 
being ten miles wide at Fremont and about one mile wide be- 
low Ashland where the river strikes the resistant Coal ^leas- 
ure beds. The inference, that ithe Platte by building up a stead- 
ily rising flood plain, has crowded the Elkhorn eastward and 
southward is quite generally drawn. 

Todd Valley. — This valley, shut in on both sides by border- 
ing hills, opens at each end into the Platte valley of which it 
seems to be a part. The altitude at tlie northern end is 1300 
to 1340 feet or 60 to 100 feet above the Platte; at the south- 
ern end, it is 1120 to 1140 feet or 20 to 40 feet above the Platte 
floor. The gradient averages about seven feet to the mile. 
The floor averaging 80 to 100 feet below the bordering high- 
lands, is for the greater part, level, not much dissected, and 
pcK)rly drained, showing here and there low knoll-like eleva- 
tions with intervening wet-weather ponds. Except a few shal- 
low sloughs, the only irregularities of any consequence occur 
along Wahoo creek, and Sand creek. At each end the valley 
floor presents the appearance of a rounded terrace. 

The Highlands. — Except for the gradual ascent to the 
north and west, the highlands lie in the same general level. 
They are considerably elevated above the regions already de- 
scribed and show a hilly or older topography. Between the 
Platte and the Todd valley is a region three to six miles wide 
and over twenty miles long extending in a southeasterly direc- 
tion from near the high bluffs northeast of Cedar Bluffs to a 
j)oint south of Yutan. This well drained hilly region, willi a 
distinct divide, and occurring l)Ctween the coniparativeh- new 
lowland areas, has an inij)ortant bearing in the subject under 
consideration. It seems to be a separated ])ortion of the other 
highlands. 

Ci^}ich:si(jn.--'V\\v surface indications cause one t(^ 't)elieve 
that the I'latte river at one time flowed through Todd valley 
and that it has been diverted to its ])resent position. 
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Stratigraphy. 

General. — Since most slopes are covered by loess the num- 
ber of rock-bed exposures is small. In the region of Ashland, 
Coal Measures strata and the Dakota sandstone come to the 
surface at a number of places along the Platte and Salt creek. 
Both of these formations dip slightly to the northwest where 
the latter is overlaid by the Benton which is exposed near 
Morse Bluff and reached in a boring north of Cedar Bluffs. 
J. G. Martin, while sinking a test well at the foot of the bluffs 
near the southern end of the C. & X. W. bridge struck a shaly 
coal (Benton) at a depth of 100 feet. 
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SECTION ACROSS THE PLATTE BELOW ASHLANO. 

Fiti. 2. 

The drift is a variable quantity ; it may lie on either of the 
formations named, varying with the locality. Stratified clays 
and sand predominate in the region of Fremont, while bowl- 
ders increase in number and the amount of clay and sand de- 
creases to the south and southwest. 

Except for the flood plain of the Platte and a few places on 
the steepest hills, the loess forms a thin veneer over the countr\', 
concealing other deposits and thereby making it all the more 
necessarv to use well records as evidence. 

Platte Flood Plain. — Here the soil forms a thin surface 
layer beneath which is sand varying in thickness from about 
sixty feet, below Ashland, to 200 or 300 (?) feet at Fremont. 
Thin scams of clay and quicksand are at times encountered. 

Not K.— "Abandoned Valley" should read Todd Valley. 
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Tin' ?;iiul avcnints coarstT as the depth is increased. Passing 
mirihward or up die river from Ashland, the Hood plain is un- 
ilidain hy beds Ix-loiiging to the Coal Measures, Dakota, and 
ISi'iitim. <ilacial clavs dip hciicath the river at a nnniber of 
phu-es. 

Todd I'lillcy. — 'i"ho following from I. S. Crawford gives 
iho oonditions in tho lloor nf this valley: "During the past 
twentv yi'iirs \\l- ha\e put ilowii wells throughout the whole of 
Siiunilers eminly. In this valley \vc go through three or four 
firt nf soil, twenty feel or more of loess, and then sand. The 
saud is ipiile tine above and averse below, approximating fine 
f^ravel in size, l-'ifteeu to twenty feet c)f the upper sand is dry. 
The lower beds are alternations of line and coarse sand. The 
water level lliietuales no more than twelve inches Iwtwcen wet 
and dry sea>ons. Water is foniid at llie iaine general level 
>liowiiig a sliii«- to the southeast of six or seven feet to tlie 
mile, hepth to water line alMuit forty feet. It is necessary at 
times to rim a point down forty to sixty feet Ih'Iow diis level 
hi order lo nbiain a good imsitioT* for the point and the best 
well. These conditions hold ^ood throngb.-ut the length and 
hreadib of the valle\. excepi on the highest places, where the 
sand reaches to within n few inches of ilie surface." J. G. 
M.irtin h.is noi peiietraied the ?and in wells uw feet deep. 

1.. .1. l^^■'pi^il Males the loll.wins,-. "karely do well dig- 
s;eiv peni-ti'.ne the sand which i> line aKwi m\<\ o-arse below, 
.is ii is .doni; the I'laiic. t 'n the place of Mr. Mhias four and 
.■ne hall mih's nonlicisi of Waluc. a well sunk tv a depth oi 
i.'o tivi did iii'i pa^s tiiiiui;li ihe snid." 

;:;,■ ;;;^:::,r':.:.<. \n exaniiiiatii-n .-f the bor.iering hills 
i;;\c- addit:i<n.il fact- iVoru which certain c .nclu-;: -ns may be 
v^.ichc.i. I'hc rei;ioii nhh which we are ::-.os; c iicenied is the 
!-i-:;;!.nid i.et«ceii Tod.: \a;;ev an.; l'!.ii:e valley, ^ec:i.^ns A 
ai'il 1''. !"i.i; -•. ici'iesent ilie general arrant; c:r.en! a:;.! prctiablc 
tlnAno- of beds. \ welt on ihe place of Ibn. I!. J. Hannon. 
;oi:'.- mile east of i'lilar I'dulTs. in a level of iSj feet above 
:l'c vivcr. is iSj iwi deep. Soil. loes«. and gbcial clay, with 
■:.ii!ds ami a few hanler beds wCROKOuntereil in :he well. 
Mr. !< V oWttUt «f a shniy limestone 

Just a\ " J^^^HftS.^^ glacial clay 

^cngs ii.i the 
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Benton which has been reached at a lower level seven miles 
northwest. A few miles south of E. J. Harmon's place, on T. 
i6, R. 8, Sec. 36, I. S. Crawford put down a well 323 feet and 
gives the following report: *'Soil, 4 feet; loess, 20 feet; clay 
of different colors with occasional harder beds, 136 feet; sand 
with some water, 8 feet ; ocher, varying in color, usually red to 
yellow, 115 feet; hard sandstone, har^ above, softer and coarse 
below, 40 feet. Supply of water unlimited. Another well one 
mile south is the same except depth. The description is the same 
for all wells in this highland region. Water rises 160 feet/' 
According to this record, Benton beds do not occur here The 
ocher beds, it is believed belong to the Dakota. E. G. Adell 
gives similar reports for wells put down by his men, but finds 
twenty to fifty feet of loess. Neither of these gentlemen has 
encountered bowlders of any size while sinking wells here. 

In the cut banks southwest of Fremont, the following gen- 
eralized section shows in whole or in part at a number of places : 
Bluish clay mingling above with till and passing under the 
river below, depth not known ; till containing clay, pebbles and 
a few bowlders, thickness variable, usually a few feet ; reddish 
clay containing pebbles and sometimes small bowlders, 
thickness at places twenty feet; light colored clays blotched 
with red, containing many concretions and pebbles, thickness 
2 to 10 feet; red clay, 10 to 15 feet; loess 25 to 50 feet. 

Near the southern end of the wagon bridge south of Fre- 
mont and a few feet above the river, an irregular bed of fri- 
able sandstone colored by iron, is overlain by till. Other thin 
beds with limited extent occur at places. Professor Todd in 
Bull. 158, U. S. G. S., 1899, p. 79, published the following 

typical section from this vicinity. 

Ft. In. 

Loess, the dark line three feet above its base appearing 

only as thin wavy strec^ks 30 o 

Red clay passing into drab and ntsty below 11 o 

Whitish clay with many chalky concretions and numer- 
ous pebbles, some of them scratched. This deposit 
ends abruptly at one end and at the other tapers out 2 o 

Similar reddish and drab clay with pebbles, but with 

few if any bowlders 22 o 

Light greenish clay, blotched with white, extending 

horizontally at least a rod. Its ends are hidden . . 12 
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Reddish clay, passing below into twenty feet till which 
is yellowish above, but the blue color rises in places 
near the top 1 1 

Levoi of the river. 

In speaking- of the highlands west and south of Todd val- 
ley, I. S. Crawford states: '*Thc formations in the highlands 
west of the valley are nearly identical with those to the east, 
but water rises within a few feet of the surface. These con- 
ditions hold good for wells as far west as R. 6 and to the south 
line of T. 14. beyond which the conditions vary. We get flow- 
ing wells in the southwestern corner of the county ; also, saline 
wells, but not too salt for stock, m a sand rock in T. 13 east of 
the west line of R. 6." 

Conclusions. — The observations enumerated, if understood, 
indicate the presence of a fl(^od plain buried beneath the loess 
in Todd vallev, and show that it is nearlv identical in struc- 
ture with the Platte flood plain. The highlands are very un- 
like the flood plain of Todd valley in structure. Rock beds of 
the former occur in a higher level than the buried channel. 
That the vallev was eroded in Glacial, IJenton, Dakota and 
Probably Coal Measures beds, is quite apparent. 

Origin of Todd Valley. 

All evidence cited goes to show that the valley was pro- 
duced by the Platte river at an earlier period. The topography 
and stratigraphy both indicate that fact. The elliptical high- 
land cannot be a river-island such as now occur at a num- 
ber of places along the river. The structure is identical with 
the other highlands from which it has been separated by eros- 
ion. It denotes a distinct change in the earlier course of the 
river. Just what the history of that change in drainage is, I 
do not know. Neither do I understand the causes of the diver- 
sion. The question is a complicated one. Professor Todd, in 
Bull. 158. I'. S. (i. S., i8()t), p. 143, writes the following: "The 
relations of the high terrace of the Platte river to the high- 
land in the vicinity of Fremont, Nebraska, suggests that the 
diversion of the old channel across Saunders countv mav have 
been due to its cutting through the divide which formerly sep- 
aratc<l the Platle from the J^lkhorn, and that this was subse- 
quent V) the formation of the terrace." Slow elevation to the 
west at that lime nuist have given the river increased v 
which may have caused it to cut through the divide. 
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The fact that the old channel was eroded, for the most part, 
in glacial beds evidently precludes (unless there have been two 
advances of the ice in Nebraska) the idea that the Platte was 
dammed by the ice sheet in the region of Fremont and thus 
caused to overflow southward for a time along the axis of the 
buried channel. This condition seems to show that the valleys 
are post-glacial in origin. The presence of twenty feet of 
loess covering the level flood plain shows that the river has 
not occupied the valley since the last of that bed was deposited. 
T\\t rather mature Wahoo valley, between Wahoo and Ash- 
land, is an example of how much work a small post-loessan 
stream has done in soft beds. 

While it is quite generally thought by geologists that this 
part of the Platte valley is of pre-glacial origin, there is very 
little evidence to warrant such a conclusion. I do not know 
that any portion of the lower narrow course of the Platte 
trough was in existence pre-glacially. Certain conditions cause 
me to think that the vallev mav be older at Fremont dian at 
South Bend and that a deep pre-glacial channel may extend 
southeastward from Fremont and \'allev to the Missouri river. 
The stratified clays and sands there may represent frontal wash 
in a broad ])re-glacial valley or basin. 




RELATIVE AGE OF THE LANCE CREEK* (CERA- 

TOPS) BEDS OF CONVERSE COUNTY, 

WYOMING, THE JUDITH RIVER BEDS 

OF MONTANA AND THE BELLY 

RIVER BEDS OF CANADA. 

By J. n. Hatcmbr. Carnegie Mu«enm. PittuburR, Pa. 

In their memoir entitled "On Vertebrata of the Mid-Creta- 
ceous of the Northwest Territbry/' published as Part II, Vol. 
Ill, of "Contrihutions to Canadian Paleontology' ' (Ottawa, 
Scptemher, 1902), professors H. F. Osborn and L. M. Lambe 
have made an important addition to our knowledge of the ver- 
tebrate fauna of the Belly River beds. :Many new species of 
fishes, batrachians, turtles, crocodiles, dinosaurs and mammals 
have been described and illustrated with most excellent figures. 

•The name Ceratop. beds cannot be used ^-f^^^^^^^^^^]^^!^^^^ 
•ad I Rive to them the above name, from ^*Jf PI?°^4?omin| 
-^ tbey are best represented in Converse county. Wyommg. 
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While this publication forms a welcome addition to the 
literature on American fossil vertebrates, not the least in- 
teresting portion of it is that by professor Osborn on the 
^'Distinctive characters of the ^lid-Cretaceous Fauna," and the 
introductory remarks of professor Lambe referring to the strat- 
igraphy and geolog}' of the l)eds and region from which the 
material described by him was obtained. 

Professor Osborn opens his discussion with the remark that 
**the determination by the Canadian Survey of a Mid- Cretace- 
ous and fresh-water fauna, including fishes, batrachians. rep- 
tiles and mammals, is a forward step of great importance in 
vertebrate paleontology." He points out that the survey has 
established beyond question on stratigraphical evidence the fact 
that the Belly River beds underlie the Montana or Pierre-Fox 
Hills group. He next points out the similarity in character be- 
tween the faunas of the Bellv River beds of Canada and the 
Judith River beds of Montana, notices the more primitive na- 
ture of the faunas of both these series of deposits when com- 
pared with that of the I^nce Creek (Ceratops) beds of Con- 
verse county, Wyoming, and arrives at the conclusion that **the 
fossil vertebrates hitherto described from Montana probably 
are, in part at least, of Mid-Cretaceous of Belly River age.'* 
This is a very notable and to my mind very proper conclusion, 
considering the fact that it was based entirely upon paleontolog- 
ical evidence, its author believing at that time that such strati- 
graphical evidences as did exist were directly opposed to such 
a conclusion, stating that "the geological records all place the 
Judith River beds proper above the Fox Hills and Fort Pierre.'* 
The present writer has since called attention to the fact that the 
exact stratigraphic position of the Judith River beds relative to 
the Fort Pierre and F'ox Hills is vet to be definitelv determ- 
ined,* and that there is at present not a little evidence in favor 
of their lowermost members occupying a {X)sition below the 
Pierre which would favor the correlating of that portion of 
them with the Belly River series, as was originally proposed by 
Dr. G. !M. Dawson. 

I am aware that the late professor Cope regarded tlie Jud- 
ith River beds as overlying the Fox Hills and stated { j). 56(), 
Bull. I'. S. G. and Geogr. S. Terrs.. \'ol. HI.) that "In the 

• Science, X. S., vol. xvi. pp. 831-832. 
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Judith region the relations of the Fox Hills sandstones to the 
superincumbent strata is everywhere observable." After a per- 
sonal examination of this region, however, I am convinced 
that the actual stratigraphy is not as simple as the text and 
published sections of Cope would indicate. Moreover he him- 
self mentions the finding of dinosaur remains and Fox Hills 
invertebrates in the same stratum in this legion. 

Osborn points out the fact that, while the Belly River and 
Judith River faunas include many identical species, there is 
very little in common between them and the Lance Creek beds 
of Converse county, Wyoming. He recognizes in the material 
from the Montana (Judith River) beds, types which are older 
than the Laramie, and suggests some confusion in the collec- 
tions and that several horizons may be represented in collec- 
tions that have generally been referred to the Judith River 
beds. The entire discussion of this question is, in every sense, 
admirable and one cannot help appreciating the methods by 
which he has arrived at what seems a correct solution of the 
problem in spite of what may prove to be somewhat erroneous 
ideas as to stratigraphy. ' It is a clear vindication of the per- 
fectly trustworthy nature of the evidences furnished by cer- 
tain classes of fossil vertebrates for purposes of correlation. 

After this very decided advance toward a satisfactory ad- 
justment of the Laramie imbroglio it is with somewhat differ- 
ent feelings that one turns to a recent note in Science by Dr. 
S. \V. Williston. entitled "The Laramie Cretaceous of Wvom- 
ing."* After noting professor Osborn*s conclusion that a 
portion at least of the Montana deposits previously referred to 
the Laramie may really be M id-Cretaceous t in age and contem- 
porary with the l»clly River beds, and a similar opinion pre- 
viously expressed by the present writer, Dr. Williston says: 
**The Laramie deposits of Converse county, Wyoming, have 
usually been placed at the end (close) of the Fox Hills, but I 
am somewhat skeptical of this. I believe that future research 
will show that not only the Jtidith River beds, but also those of 
Wyoming, will be found to be contemporary, in part at least, 
with the Fox Hills deposits, and that they are not separated 
by so great an interval from these other (which other?) de- 

• Science, N. S., vol. xvi, pp. 952-953. 

t By Mid-Cretaceous I do not m«an Middle Cretaceous, but as beins under- 
lain and overlain bj deposits clearly pertaining to the Cretaceous. 
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posits which have hitherto been supposed to be contemporan- 
eous. 

"This conclusion I base largely upon the fauna of the Wy- 
oming beds, which present, in some respects at least, a startling 
resemblance to that of both the Judith River and Belly River 
series- 

"Xoi only a number of genera, but also a number of spec- 
ies previously described from Montana and now recognized by 
Lambe in the Belly River deposits, ocair here in the supposed 
later deposits oi Wyoming. It would seem almost incredible 
that sc n:any of these should have persisted unchanged through 
die long inter\-al represented by so many thousand < !!!» feet 
of Fox Hills deposits. :o say nothing of the Fon Pierre." 

Dr. Willistcn als-^-^ calls attention to the faa that the late 
pro!c5s«:r Marsh made no mention of a number of interesting 
fossi'.s frocr. the Laramie of Converse coimty, Wyoming, which 
n:usr have been known :o him. and infers from this thai Marsh 
believe*! them identical with others already described from the 
Judith River beds which he believed of equi\'a:ent age. .\mong 
such fortr.s Williston mentions as occurring in the collections 
ir-r-rz the Converse County Lararttie. now in the museums of 
Chioag: University and of the University of Kansas, the fol- 
lowing, which he is itnab'e t*:* oIisting::ish either generically or 
srecinoallv froit: the I-oMth River and EWIIv River forms: 

.l/\.oijr':!.j r:rj*':.': .jf C:re. represents: by isolated teeth. 

.-•.v:'"."':ovr oro • j.ro'^.v'rjr.o Lantbe. represented by frag- 
ments •:•£ shield. 

tis?^ti j*''c?'* 'vm*e'^ 
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to examine a little more in detail the reasons he has assigned 
for his opinions. 

First, as to the donbt which he expresses as to the strati- 
graphical position of the Laramie beds of Converse county, 
Wyoming, being at the end (close) of the Fox Hills. I am 
somewhat surprised at this expression of doubt on the part of 
Dr. Williston regarding the actual position relative to the Fox 
Hills of these beds in Converse countv since I am well aware 
of his ability as an observer and of the fact that he himself at 
one time passed several weeks collecting from these beds, and 
that he should, therefore, be familiar with the stratigraphy of 
the region. Since I myself passed nearly four full years in 
collecting from these beds I may perhaps presume to speak 
with some authority on this subject. I have already described* 
the stratigraphy and sequence of the various formations of this 
region, and need only remark here that many good sections ex- 
ist and have been examined by the writer, commencing below 
with the Fort Pierre and continuing upward through the Fox 
Hills and the overlying Laramie, and on up into the Fort Un- 
ion beds.* The sequence and relative positions of the various 
horizons are extremely simple, the region being one which has 
undergone little disturbance either since or during the depos- 
ition of the beds, so that there is nowhere m the entire region 
any obscurity as to the proper sequence of strata due either to 
alternating marine and fresh-water conditions or to faults, 
overthrusts or other disturbances or dislocations in the beds. 
That these beds conformably overlie the Fox Hills in this reg- 
ion has been stated by the present writer in the publication just 
mentioned, and this statement has been abundantly corrobor- 
ated by the investigations of doctors T. W. Stanton and F. H. 
Knowlton.t 

Next as to the "startling resemblance" which Dr. Williston 
believes to exist between the fauna of the Wyoming beds and 
those of both the Judith River and the Belly River beds, and 
which he thinks could not have resulted from the Wyoming 
fauna's having persisted "through the long interval represent- 
ed by so many thousand feet ( !!) of Fox Hills deposits, not 
to mention the Fort Pierre." Where, I should like to ask, does 

♦ Am.Journ. Sci., vol. xlv, pp. 135-144>. Feb., 1893. 
t Bull. Geol. Soc. Am., vol. viii, pp. 128-137. 
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Dr. Williston find any sucli thickness given for the Fox Hills 
as that which he mentions here? Even the thickness of 3000 
to 4000 feet at one time ascribed to it by King is now known 
to be much too great, the real thickness scarcely, if at all, ex- 
ceeding 500 feet. Perhaps if he reduces the thickness of these 
beds to their usually ascribed limits the persistence of certain 
ty]>es of animals will not then seem so "incredible" as he had 
at first supposed ; although I do not for a moment wish to be 
understood as accepting the evidence brought forward by Dr. 
Williston from the fossils as of anything like the importance 
which he attaches to it. 

Such paleontological evidence as he does present in support 
of his position is, to my mind, largely invalidated by two very 
grave objections. First of these is the fact that, as stated by 
Williston, in almost every instance the genera and species 
enumerated are represented by only fragmentary and isolated 
material, and hence their generic or specific identity cannot be 
deteniiined with certainty. Second, several of the forms men- 
tioned like Bacna, Lepidotus, Acipcnser, etc., pertain to per- 
sistent types which, even if their specific identity were not 
questionable, would still be of very little value for purposes of 
correlation. 

Dr. Williston's inference that professor Marsh n^lectcd 
to mention certain fonns from Wyoming because, he consid- 
ered them identical with others already known from Montana 
is, I think, more logically explained by the ver>- fragmentary 
nature of the remains and Marsh's well known aversion to 
dealing with fragmeiuary nr relatively unimportant material 
and seeking after the "choicest plums." as he used frequently 
to express it. It is Tioticeable that in almost every instance in 
which he did treat of related forms from the Wyoming and 
Judith River Beds he considered them as both generically and 
spivitically distinct: note, fur example, the different forms of 
the l.>raiopsida' and Trachoniid.T 1 Claosauridje I described 
by him. 

While there is. at present, some doubt as to the exact stiat- 
igraphic pi>jition. of the Judith River bods of Monta 
would seem that mi snch statement can be made as to j 
River beds 01 Canada or the Laramie (Lance Cre 
Converse ci imty, Wyoming. The stratigraphio 
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the former, it appears, has been definitely proven to be beneath 
the Fort Pierre and above the Benton, while that of the Con- 
verse county Laramie has been just as certainly shown to be 
above the Fox Hills and below the Fort Union, These arc 
facts which cannot be ignored or set aside, and if they are not 
found to coincide with the previously formulated ideas of pale- 
ontologists, the error would seem to lie with the latter and not 
with the stratigraphy. In all such cases the sooner the paleon- 
tolc^ist brings his theories into harmony with the facts of 
stratigraphy the better, for no amount of speculative correla- 
tion no matter how complete the material upon which it is 
based, and in this case the material is extremely fragmentary 
and unreliable, can upset exact strati graphical determinations. 
Osborn and Lambe have shown conclusively that the fauna of 
the Belly River beds at least is decidedly more primitive than 
that of the Converse County beds of Wyoming, thus showing 
that the paleontological and stratigraphical evidences are in 
accord. They have also practically demonstrated what the 
present writer had for some years maintained, namely, that a 
portion of the Judith River beds at least are also older than 
the Wyoming beds. Their work, together with that of Doug- 
lass in central Montana, has furnished us with a key to the 
solution of the problem relating to the Laramie and earlier 
fresh- and brackish-water deposits of the Cretaceous of the 
west. Let us hope that in the not too distant future we may 
be able to fix with equal certainty the upper and lower limits 
of the Judith River beds, or perhaps differentiate them into two 
or more horizons such as it does not now seem impossible that 
they may contain, and definitely fix the limits and age of each. 
Carnegie Museum, Pittsburg, Pa., 
December 15, 1902. 
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THE DETERMINATION OF THE FELDSPARS 

IN THIN SECTION. 

By J. B. Spckk. Washington. D. C. 

The accurate detennination of the feldspars is of the great- 
est iinponance in accurate petrography. We have, unfortun- 
ately, no single publication where the different metliods of op- 
tical investigation of minerals are given briefly and clearly for 
the guidance of workers without being buried in a mass of in- 
tcresiing but sujXTtluous explanations. For this reason the 
writer long ago drew up certain summaries for his own use 
in !::icrvv<c^^pic work and l:e has found these of such value that 
he has Kvn tempi od :o publish il:em for the he-p of others 
similarly si:::a:od. Uhe sh.on descriptiv^ns were iiK^tly dra\ni 
up wir.Ie :*::o writer was studying the subject of feldspar de- 
tenr.ir.atior. ::: v^er.v.any and France. There is. of course, ab- 

«^ . m • ' 

Iv. a:*.\ TsVk sectio:: Rnd air.cnc the crains of the n::neral 
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and make the same observation. One such contact generally 
gives results reducing the feldspars to very narrow limits, and 
often determines the species exactly. 

e. g. In one position one determines that in the feldspar 
«'g>''p of the quartz, . • . feldspar "'g> 1.544. 

In a position at 90° to the first one finds n'p > n^ i. e. 

"'p > I.5S3. 

Referring to tables showing indices of refraction for various 

minerals, this fixes the feldspar as labradorite. 

In selecting minerals for comparison, the selection of feld- 
spar should be made with reference to a known section, such 
as a bisectrix. Any adjacent quartz grain may be selected, 
whether or not its chief axes of elasticity lie parallel with those 
of the feldspar grain. The value of those directions which 
do lie parallel to the chief axes of elasticity of the feldspar can 
easily be reckoned. 

Method for Determining feldspar and other Minerals through 
their double refraction by means of Michel Levy's 

Comparateur* 

First correct the scale of the comparateur, which can not be 
accurately made, so that o of the scale corresponds exactly to 
the thickness o of the quartz wedge of the comparateur. Do 
this with the teinte sen-sible plate. Insert the plate in the mi- 
croscope below, and by shoving along the quartz wedge of the 
comparateur equalize successively the teintes sensibles of the 
first and second orders on the wedge, and read on the scale. 
Let these two readings be 375 and 720, symbolized by t and t' 
In thin sections dispersion may be neglected. It is known that 
t (375 in this case) corresponds to a retardation of the light 
waves of 0.000575mm. and t' (in this case 720) to one of 
o.ooii28nmi. Therefore the division of the scale taken as 
unit in the measurement (in above case the smallest division 

1 1 28 — «575 
of the vernier, symbolized by d) equals d = , ' in 

T T ^ ft C*7 ** 

millionths of millimeter. In the above case d= ^^ = 

720—375 

1.6087 in millionths of millimeter, or 0.0000016 millimeter re- 
tardation of light wave in the thicknes.*; of the quartz wedge, 

* MiCHBL Lbvy Mineravx des Rochca, p. 34, etc. 
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corresponding to the movement of one division of the vernier. 
Supposing the wedge thinned to o, and calling this reading 

T, we deduce the formula T = ^^^ o~^^''' • ^^ ^^^ above 

1128—575 

case T = 16.27; this is therefore the correction, and to be de- 
ducted from the readings, to obtain their actual value. 

A given reading on the scale may be called t". Then e^X^: 
(t" — T)d, when e symbolizes the thickness of the mineral and 
X the index of double refraction (ng—np or <« — e). 

It is evident that to use this method directly one must know 
e to find X, or vice versa. The direct methods of measuring e 
are inaccurate, therefore in practice a method of comparison 
with a known e is used. In the same section with the mineral 
to be determined, a known mineral is selected, preferably quartz 
parallel to the vertical axis. It is known that in quartz X (n,^ 
— „^ =: oj — s) —.00915. The interference colors of the 
quartz and of the mineral to be determined are read, and cor- 
rected by T. Then for the mineral studied eX = A; for the 

A , A 

quartz eX' = A'. From this follows X = -^-? X' or X = -r-. 

A ■ A 

(.00915)). 

If the colors are too high or too low to be distinct, use a 
teinte sensible quartz plate; if the colors are too low, add the 
teinte sensible (like axes parallel) ; if too low, subtract (like 
axes crossed), then add to or substract from the reading, the 
value of the teinte sensible on the scale, as previously determined 
and corrected by T. For example, the teinte sensible alone reads 
370. This minus T('= 16) = 354. If a feldspar or other min- 
eral with low refraction colors is to be measured, add the teinte 
sensible, and read the graduation on the scale, which gradu- 
ation corresponds to the sum of the colors. Say e.g., this is 
590: correct by T. 590 — T=574. Subtract the value of the 
teinte sensible, 574 — 354=220. Above formula then becomes 

220 
X= — v-r .00915. For too high colors subtract the teinte sen- 
sible. 
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Methods for Determining Feldspars by Ascertaining the 

Position of the Optic Axes, 

These methods are among the most practical and accurate. 
It is well known that in feldspars the position of the optic axes 
varies regularly in regard to the crystallographic boundaries 
according to the change of chemical composition, and it is only 
necessary^ therefore, to define the relation of the axes to these 
boundaries to determine the feldspar. 

Michel Levy's Method. — This method, with more or less 
variation, has been lately much used in this country. In its 
original form, as proposed by the great French mineralogist, 
it may be described briefly as follows: 

For this method feldspars must be twinned. If twinned 
after the albite law, find a section in the zone of symmetry, or 
nearly so. This zone is characterized by having the extinction 
angle in the two individuals on both sides of the twinning plane 
the same. If the angle of the position of equal illumination 
of the two individuals with the twinning line is greater than 
that of the position of extinction with the same line, the feld- 
spar is more acid than oligocl^se; if more basic, the reverse. 

If the feldspar is twinned after both albite and Carlsbad 
laws, discover this by bringing the albite lamellae in position 
of equal illumination — then the Carlsbad twinning will still 
show its differences of extinction. Find such a crystal in the 
zone of symmetry or nearly so, by the above method. Read 
the extinction angle on one side of the Carlsbad twinning plane 
and then on the other. Suppose these are 38° and 21**. Refer 
to Michel Levy's plates.* The vertical red line is the projection 
of the zone of synmietry. On the upper half of the projection 
the red figures equal 4- angles of extinction • on the zone of 
synmietry; on the lower lialf the black ones equal — angles on 
the same zone. In Carlsbad twinning the two individuals are 
turned on vertical twinning axes ISC'", so that the negative 
parts of one individual become side l)y side with the ])ositiye 
parts of another. Therefore, the two angles read on the two 
sides of the twinning plane correspond to the positive and tlie 
negative readings. They nnist be sought on the upper half and 

* A thorough article on this subject, with reprodiictioiiji of the dia>;rams of 
Michel Levy has been published by Pkofkssok N. H. Winciiell, this journal, 
vol. xxi, No. 1. 
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the lower half respectively of the vertical line which is the pro- 
jection of the zone of symmetry. In ordinary sections, it is 
impossible to determine which reading is positive and which 
negative, but the two readings are conjugated with respect to 
the center of the projections — that is, appear at equal dis- 
tances from the center. Therefore the projection is sought 
out in which the two readings have the necessary conjugation 
— in the above case the figures point to labradorite Ab^ An^. 

If a section is not cut exactly in the zone of symmetry, the 
angles on each side of the albite tw^inning line will vary, and 
their values will be at equal distances to the right and left of 
the vertical line, the distance varying with the deviation from 
the zone of symmetry. 

Fouque Method — Find a bisectrix in convergent light and 
determine its optical character. To do this first bring the 
section into the position of extinction, when a cross is 
formed. Next, rotate the stage 45**, noticing the direction in 
which the hyperbolae move out of the field, and bring the line 
joining the apices of the curves into the 45° position in diag- 
onally opposite quadrants of the field. In this position deter- 
mine by means of the quartz wedge, teinte sensible, or gypsum 
plate, whether this line is of greater or less elasticity than the 
bisectrix perpendicular to which the section is cut. The quartz 
wedge is ordinarily the most convenient means, and in using 
it remember that when like axes are superposed the colors of 
the section rise, and that when they are crossed the colors fall. 
If the line joining the hyperbolae, which lies in the plane of the 
optic axes, is the direction of greatest elasticity in the section 
(a) then the section is cut perpendicular to a positive bisec- 
trix. If this direction is that of least elasticity (c) the bisec- 
trix is negative. Now bring the trace of the optic axes into 
position parallel with one of the cross-hairs and measure the 
angles by the method stated below. It is often convenient to 
remember that the positive bisectrix always emerges upon the 
brachypinacoid. If the bisectrix is positive, measure the angle 
between it and the trace of the basal plane. This may be re- 
cognized in the section as a crystal boundary or as a cleavage. 
If tliesc are not present the angle may be measured against 
the pcricline twinning planes, but in this case it is necessary 
to remember that this twinning plane is usually not exactly 
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parallel to the bas^, but varies from it according to the differ- 
ent species, by an angle which must be added or subtracted 
from the reading, according to the case, to get the true angle 
with the base. 

If the bisectrix is negative, determine the angle between the 
trace of the optic plane and that of the brachypinacoid. The 
latter may be represented in a section either by a crystal edge, 
by a brachypinacoidal cleavage or by twinning planes of the 
albite or Carlsbad laws. 

In either case find the angles correspondihg to the species 
in the accompanying tables. 



REVIEW OF RECENT GEOLOGICAL 

LFFERATURE. 



State Geological Surz'ey of North Dakota, Second Biennial Report. 

Frank A. Wilder, State Geologist. Pages 262; with 39 plates, 21 

figures in the text, and two folded maps. Bismarck, December, 1902. 

This survey was begun in the year 1899, under ^the direction of pro- 
fessor E. J. Babcock, professor of chemistry and dean of the College 
of Mines in^ the University of North Dakota, at Grand Forks, with a 
very small appropriation from the state. His report on the general 
topographic and geologic features of the state, and on its clays of eco- 
nomic value, lignite, and water resources, in 103 pages, was the first 
biennial report of this survey, published in the early part or 1901. With 
the appointment of Mr. Wilder as professor of geology In the univer- 
sity, the direction of the state survey was transferred to him; and, in 
co-operation with the U. S. Geological Survey, he has been enabled to 
enlarge the scope of this work. 

About two-thirds of this report are descriptions and discussions of 
the valuable lignite coal deposits which occupy the western half of the 
state, with the Turtle mountains as an outlying area farther east. Pro- 
fessor Wilder was assisted by Mr. L. H. Wood in this part of his work. 
The lignite beds, in their workable development, are restricted to the 
Laramie series of clays and sandstones; and the seams of lignite vary 
in thickness from an inch to forty feet. Many seams are often found 
in the same vertical section, and some of them are traced five or six 
miles, or more, as in the bluffs of the Little Missouri river; but gener- 
ally they vary greatly in thickness within such distances, and frequeiutly 
are of much less extent, tliinning out entirely, and giving place to new 
seams a little higher or lower. Along the Northern Pacific railway 
in the region of Dickinson. Medora, and Sentinel Butte, and thence for 
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forty or fifty miles southward, lignite beds fifteen feet thick are not un- 
common, and some extensive seams are twenty-five feet thick. 

During the year 1902 the output of North Dakota lignite coal w^as 
296.800 tons, with a value, at the mines, of $407,000, being more than 
twice the amount and value of its production in the year 190a 

Professor Babcock contributes as the final part of this report, an im- 
portant paper of forty-three pages, on- the "Water Resources of the 
Devil's Lake Region." It is found that this lake during the last twenty 
years has ranged from four to nine feet lower than it was in 1883 ; and 
its ancient high shore lines are twenty to thirty feet above the present 
water level. The greatest depth of water now found by soundings, in 
the central part of the main lake, is twenty-nine feet. 

Thus the alkaline Devil's lake, so called in translation of its Sioux 
name, probably alluding to the bitterness of its water, which is the 
largest lake of North Dakota, about thirty-two miles long, with a very 
irregular area, has now no more than a sixth or an eighth so much 
volume as immediately after the retreat of the ice-sheet from this area, 
when, as an enlarged expanse of fresh water, it reached east into the 
basin of Stump lake, and thence ^outflowed southward to the Sheyenne 
river. w. u. 

The Cause of the Glacial Period, being a Resume and Discussion of the 
Current Theories to account for the Phenomena of the Drift, zvith 
a New Theory by the Author. By H. L. True, M.D., Member of 
the Ohio State Academy of Science. Pages xi, 162; wjth 7 plates, 
and 9 figures in the text. Cincinnati. The Robert Clarke Co., De- 
cember, 1902. 

The various theories which attribute continental glaciation to chang- 
es in the astronomic relations of the earth, as advocated by Croll, Ball, 
Drayson. Becker, and others, are reviewed and discarded by Dr. True; 
and the usual theories appealing to geographic changes, as great ele- 
vation of the lands that became enveloped by snow and ice. held by 
Lyell, Dana, LeConte, Upham, Very, Wallace, Wright, and others, are 
also considered insufficient or improbable. 

Variations in the amount of heat received from the sun, or in its 
retention by the earth's atmosphere, with changes in the proportions of 
water vapor and of carbon dioxide in the air, as recently proposed by 
Arrhenius and Chamberlin to account for the Glacial period, are also 
thought to be inapplicable to this problem. 

Instead of all these rejected hypotheses, Dr. True advances one 
original with himself; which, however, agrees with the view presented 
by Upham. in an appendix of Wright's "Ice Age in North America," 
by associating the glaciation of continental areas with the very extra- 
ordinary crumpling of the earth's crust and upheavals of mountain 
ranges whicli have characterized Late Tertiary and Quaternary time. 
The new theory is stated as follows: "Up to and during the princi- 
pal i)art of the Tertiary period tlie earth had so far cooled and the 
rocky cru'^t had become so thickened that it sustained the pressure of 
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the arch for a long time, but finally the point was reached when it 
could sustain it no longer. The last grain of sand broke the camel's 
back.' The arch gave way or crumpled into the form of mountains, 
and as the crust was thicker at this time than any time previous, so 
were' the upheavals in the form of mountains greater than any that had 
preceded them, and of course the troughs formed from the settling of 
the arch would be greater; thus the beds of the bceans settled down, 
forming deeper basins, thereby draining the polar regions and leaving 
them above water (especially was this the case around the North Pole), 
depriving them of their warm ocean currents, or water covering, and 
allowing them to cool off and begin to form ice caps. The warm cli- 
mate of the Tertiary period continued until the settling process had so 
far drained the polar regions as to allow ice to begin to form when the 
climate began to change, which change continued until the Tertiary 
merged into the Quaternar>\ Thus began the formation of ice which 
finally culminated in a Glacial period. The conditions present were 
these : A land foundation around the poles for ice to rest upon. The 
circulation of the ocean shut off or confined to the regions south of the 
land barrier, but having free circulation within the tropical regions. 
The ocean thus confined would become warmer than it had previously 
been. If it had been/ carrying a certain amount of heat to be dissipated 
around the poles, and on account of the land barriers this heat were to 
be confined south of the polar regions, what would prevent the water 
from becoming warmer? Here we have a steaming ocean to furnish 
the vapor and a cold land surface to precipitate the snow, the condi- 
tions in perfection to produce a glacial period." 

Dr. True proceeds further, to account for the geologically sudden 
and recent close of the Ice age, so far as it affected the now temperate 
latitudes, by introducing another, grand cataclysm during the Cham- 
plain epoch. Here he supposes, as was suggested in 1866 by Sir John 
Evans, that, while the earth's axis probably remained unchanged in its 
direction, a comparatively thin crust of the earth may have slipped as a 
whole upon the much larger nucleal mass so that the locations of the 
poles upon the crust have been changed. 

"North America and western Europe," says Dr. True, "moved 
down out of the cold region, while northern Siberia, on the opposite 
side of the earth, moved up into it. A slight and imperceptible move- 
ment in this direction had, no doubt, been going on for ages, as the load 
accumulated on one side of the earth, but at the time ot which I am 
speaking something broke loose and precipitated a rush. A cataclysm 
was produced that submerged the North Atlantic region and southern 
part of the United States, and carried the earth beyond the point of 
equilibrium. Of course, the balance was finally established by the 
waters of the ocean, which, being free to move, rushed upon the land 
in the form of great tidal waves, which surged back and forth for a 
time, but finally settled down to a state of tranquility, while the diurnal 
revolutions of the earth went grandly on upon the old axis, with per- 
haps a slight break or variation from its usual regularity.- 
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It is not probable that either geologists or physicists will approve 
this theory, which is a contribution by a la>'man to the already large 
number of attempts to explain the wonderful climatic changes causing 
and ending the Ice age. Like the carbon dioxide theor>% it has a some- 
what near relationship with the more simple explanation that has been 
advocated by the present reviewer, namely, elevation of continental 
areas as high plateaus above the snow line, and, when they became 
heavily loaded with ic^-sheets, their depression beneath . that weight, 
accounting for the Champlain epoch and the end of the Glacial period, 
excepting in the Arctic and Antarctic regions. w. u. 

Existence du Crctacc infcricur en Argolide Grccc — Existence du Jur- 

assique sup. et de I'infracretace dans Visle dc Crete— etc., etc., par 

L. Cavel'x rComples Rendus de I'Academie des Sciences, Paris, 

1903]. 

These are preliminary notes on observations made in Greece and 
the ishind of Crete on the Mesozoic rocks appearing in that part of 
the Mediterranean. The structure of the terranes in its overturned 
group is compared with that of the southern Tyrol. An interesting 
discovery is that of a radiolarian ooze in the Argolid which he thinks 
has affinities with radiolarians of the Neocomian in the Tyrol. 

In Crete the composition of the beds is ver>* varied, running from 
fine-grained calcareous sandstones to coralline limestones, clays, schist 
and jaspery beds : the fragmentary' rocks take on the appearance of 
Hysch. Several localities for fossils were found, brachiopods and 
corals predominating; there are also sea-urchins. 

One note is given to a description of the rocks connected with vol- 
canic eruptions of the Mesozoic time. Intrusive rocks predominate, 
and are both basic and acid. The author remarks that the "eruptive 
rocks metamorphosed the upper terranes among which they are in- 
cluded, and have left absolutely intact, the more recent terranes on 
which they repose" [as cffusives]. 

He further remarks that the great quaternary subsidences of the 
Egean sea and this concomitant only reproent the last episodes of the 
phenomena, the first manifestations of which go back to Jurassic times. 

G. F. M. 
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CORRESPONDENCE. 



The R(x:k Name Anorthosvte. By profe<>t>r dishing made aware 
of his article in The American Geologist. March. I(K)2, where also my 
name is mentioned, I should like to explain my views in regard to the 
term anortliosyte. 

Gushing says, that the only obiectitMi urged against the name which 
has come under his notice and which seems to liini to be valid, has 
been urged by me (.Die Labrad'^rfelse des wc^tlichen Xorwegens, I). 
I there argue that the name is c^iually applicable to an albite or oligo- 
clase rcxrk. and that these are too acid to be gr.nipcd with rocks which 
are properly regarded as end scries of the gabbro family. As such rocks 
are of the rarest kind. I agree, that my objection has most theoretical 
interest, but it has nevertheless its value. 

In the Ekersund area, where I have examined the rocks exactly, I 
have described the special rocks under the names labradorite rocks and 
bytownite rocks, and it is still my i^pini.in. that where the rock- have 
been exactly examined, it is best to apply t!icse c-Miciser names. In the 
Ekersund area most of the rocks were labradorite rocks, and therefore 
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the whole area has been described by me as a labradorite rock area, 
the same name as the earlier geologists have used. 

For the purpose of mapping I agree with the American geologists, 
that it would be necessary to have a group name. And where it is 
desirable to have a group name, I cannot find that we have any better 
than anorthosyte, which long ago has been used by the Canadian geol- 
ogists. And if I have proposed no substitute, it is because, I thought, 
that in spite of the objection above mentioned it might be desirable 
to have a practical group name, and then anorthosyte was the most 
fitting. To replace anorthosyte with plagioclasyte is not necessary. 
\Ve should then have two names for the same rocks, and I think the 
petrographical nomenclature is rich enough before. 

For my part I cannot use the name anorthosyte as title of my new 
paper "Die Labradorfelse des westlichen Norwegcns II," but in the text 
I have called attention to the fact that these rocks might be called 
anorthosytcs, because they consist both of labradorite rocks and and- 
esinc rocks. I have also used the name anorthosyte in my lectures 
because my studies of the phgioclase rocks in the areas of Ekersund, 
Bergen and Lofton have shown that oligoclase, andesine and bytown- 
ite rocks occur together with the labradorite rocks. These studies 
have also convinced me, that the term anorthosyte has its value in the 
petrographical systematism as a group name for the leucccratc links of 
the gabbro and dioryte families correspondent to the pyroxenytes and 
other nielanocratc rocks. And as we on a more exact examination 
divide the pyroxenytes in diallagytes, etc., we also have to divide the 
anorthosytes in oligoclase rocks, andesine rocks, etc. 

The chemical and petrographical character of the different subdi- 
visions of the anorthosytcs is rather well known. The albite and an- 
orthitc rocks arc very rare, and I have not seen any analysis of them. 
The chemical relation between the other subdivisions can be seen by 
the following analyses, especially of Norwegian rocks, which I know 
from my (»wn examinations. 

II. 

57-34 

25 32 

1. 10 

0.04 
0.25 

7-9Q 

5-37 
1.23 

I. Oligoclase rock. Ostvaago, Lofoten. (Kolderup: Lofotens og 
Vesteraalens gabbrobergarter. Mit einem Resume in deut- 
scher Sprache. Bergcns Museums Narbog 1898). 

II. Andesine rock. Fosse, Bergen. Will be published in my new 
paper. Die Labradorfelse des westlichen Norwegens II. 

III. Labradorite rock. Ogne, Ekersund. (Kolderup: Die Labra- 
dorfelse des westlichen Norwegens. Bergens Museums Nar- 
bog 1896). 

IV. Bytownite rock. Beaver bay, Minnesota. (R. Irving: Copper- 
' Bearing Rocks of Minnesota). carl fred kolderup. 





I. 


SiOa ... 


64.98 


AI2O3... 


19.50 


FezOa. . . 


2.51 


FeO .... 


0.30 


MgO.... 


0.50 


CaO .... 


370 


NazO.... 


6.0Q 


K2O 


2.01 



III. 


IV. 


53.42 
28.36 


47-25 
31-56 


1.80 


• • • • 


• • • ■ 


2.20 


031 


0.27 


10.49 
4.82 

0.84 


15-39 
2.52 

0-37 



394 The American Geologist. *^""^- ^^^^• 



PERSONAL AND SCIENTIFIC NEWS. 



r*ROFESSOR T. C. Cha:si BERLIN delivered a lecture on "The 
nebular hypothesis" at Northwestern University on April 29th. 

Horace \\ Winch ell will examine, the coming summer, 
the reputed copper districts of Alaska, entering the country by 
way of \'aldes. 

Professor Russell D. George, of the State University of 
Iowa, has accepted the professorship of geology in the State 
University of Colorado. 

Dr. C. p. Berkey, assistant professor of geology and min- 
eralogy at the State University of 'Minnesota, has accepted an 
appointment to a similar position in Columbia University, New 
York, beginning in September. 

Professor X. H. Winciiell is making geological eco- 
nomic explorations in the vicinity of Flathead lake, Montana, 
and is likely to be absent from ^linneapolis the greater part of 
the summer. 

Mr. Ernest F. Burciiard, at present teaching chemistry 

and geology in the Sioux City high school, has been appointed 

to a fellowship in geology at Northwestern University, from 

' which institution he obtained his bachelor's degree three years 

ago. 

Albert Huntington Chester,, curator of the geological 
museum and professor of chemistry and niineralogy at Rut- 
gers College, New- Brunswick, N. J., died on April 13 from 
pneumonia. He was a graduate of Union College, and at one 
time taught at Plamilton. 

Geological excursion to Devils lake and the Dalles 
OF THE Wisconsin. On April i6th, 17th and i8th Professor 
C. R. Van Hise conducted a party of about seventy-five stu- 
dents from the L'niversity of Wisconsin and from Northwestern 
University to these localities. 

^[R. PiAiLEV Willis has accepted the position of leader of 
the Carnegie Geological Fxpedition to China, which has as its 
object the investigation of the Cambrian of that country. He 
will be assisted by Mr. Eliot Blackwelder of the University of 
Chicago. Mr. Willis expects to leave Washington in July, to 
attend the International Congress of Geologists at Vienna, and 
to go to China via Siberia. 

Dr. H. Foster L'ain has accepted an appointment as geolo- 
gist on the Ignited States Geological Survey, and during Mr. 
Bailey Willis's absence in China Dr. Bain will be 
of geologic folios. He is to take up the 
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zinc deposits of the Mississippi valley, and during the coming" 
summer will make special investigations concerning these de- 
posits in southern and northwestern Illinois. 

Proposed topographical map of Michigan. The late 
meeting of the Michigan Academy of Science took action look- 
ing to the completion of the topographical map of Michigan. 
In his presidential address professor I. C. Russell reviewed 
the subject and suggested united effort. The state survey is 
to co-operate with the United States Geological Survey. In 
addition to present funds available the state is asked to appro- 
priate $1000 per year. 

At the New Mexico School of Mines the work of min- 
ing engineering will be specialized along three disti/ict lines. 
These are the mechanical, the metallurgical and the geological. 
The last mentioned will form a somewhat new departure in this 
country and will be known as the special course in Geology- of 
Mineral Deposits. It will be under the direct supervision of 
president Keyes. There will be four instructors in the geolog- 
ical department of this institution. 

Ix the New Mexico School of Mines^ six new profes- 
sorships have lately been provided for. These' chairs will be 
filled during the summer. The departments thus established 
are Mineralogy and Petrography, Mining, Mechanical Engin- 
eering, Metallurgy, Physics and Electrical Engineering, and 
Languages. Several special lectureships and associate pro- 
fessorships have also been established. Particular emphasis 
is placed on the lectureship and study of Mining Law. 

The most important problem in the manufacture of the 
peat into a commercial article is the economical removal of the 
moisture. This is now done by drying. After this process the 
peat is pressed into small bricks. The manufactured pk)duct 
must be kept dry, otherwise it becomes valueless for heating 
purposes. The cost of manufacture is from $1.50 to $2.00 a ton, 
and the cost of selling about the same. This means that the 
product will sell for from $3 to $4 a ton, and must find its 
market in competition with anthracite coal. 

Geological excursion to the lake Superior district. 
Professor C. K. Leith, of the University of Wisconsin, con- 
ducted a party of students and geologists to the Vermilion, 
Mesabi, Gogebic and ^larquette iron ranges and also to the 
copper region of Keweenaw point for a ten days' excursion 
(April 20th to 28th). There were present fifteen students from 
the University of Wisconsin, one from Northwestern Univer- 
sity and one from the L'niversity of Chicago: also the follow- 
ing geologists: F. D. Adams, A. E. Barlow. J. M. Clements, 
U. S. Grant. W. H. Hobbs, C. K. Leith, A.' P. Low, A. E. 
Seaman. C. E. Wright and F. E. Wright : also Kirby Thomas 
of West Superior and T. B. Caldwell of Lanark, Ontario. 
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DEPARTMENT OF GkOLOGV AT THE UNIVERSITY OF WISCON- 
SIN. Professor C. K. \'an Jriisc, who has been at the head of 
this (lopartmcnt f(.)r some years, was elected president of the 
university on April 21st. His new duties bej^j^in about October 
1st: in the meantime he is expecting to visit Europe and attend 
the hiternational Congress of Geologists at \ienna. Dr. C. K. 
Leith has been pn minted from assistant professor to professor 
of structural and economic geology. Dr. Wm. II. Hobbs con- 
tinues as professor of mineralogy and petrology. Dr. J. Mor- 
gan Clements has resigned his profosorship and will probably 
open an office as consulting economic geologist in New York 
City. Dr. X. M. Fenneman, oi the I'niversity of Colorado, has 
been elected professor of general and physiographic geolog^y. 
The comtletion of the paleontulogic MoNO<;RAriis he- 
gun lu' the late ( ). C. Marsh has been entrusted to professor 
Henry Fairfield ( )sborn, vertebrate paleontol'.gist of the Unit- 
ed States (je«.»logical Survey. The mairrials left by professor 
Marsh did n«»t include any completed manurfcript, but consist- 
ed chiftly «.f a series of tine lithcgraphic plates and wix^d en- 
gravings, illustrating iViur important groups of vertebrates. 
The spccinuns illu^tratL•d are cunainc-d in part in the collec- 
tions of the Survey and in ])art in th«i<c made for the Vale 
I'nivtTsity Museum under the directi»»n ».: f ])rofessor Marsh. 
In order to insure the com])leti«)n of the^e monngraphs within 
a reasonable ['eriod, professor ( )sb»)rn recnimonded to the Di- 
rect- r of ilie Survey a division of authorship, assigning the 
m«»nograj)h on th.e Ceratoj^sia to Dr. J. 1*. Hatcher, now con- 
nected with tile Canui^ie Mu^eunl. PittNlmrg. and that on the 
SteLi'-auria to Dr. F. A. Lucas, of the Iniied States National 
Museum. ]Vi.fe«-sor Osborn has himself undertaken the prep- 
arati'*Ti of the monographs on the Titauothores or Rrontother- 
iifi.'e anij «in the amphihioUN (lin<»<aur- <.f ib.e onler SaurojX)ila. 
r.viTFi.) Stati-s ^"'iI.oijic.ical Sik\ev. The mineral re- 
<<»urce> "I the Mi»unt W'rani^ell district in Alaska will be dis- 
cu>>e'i in Fn fe<sional Pa]HT^ \o. 15 ])y Me>srs. \V. C. Men- 
denliall an-! V. i\ Schrader. 'j'his rejx'rt i> now in press. The 
cliief mineral re>«'urces i'\ the di>trici are copper, gold and 
C'-a!. 

I )r. H. 1*.. < Irei:* ry, "f ^'ale Tniversity. h:\< undertaken an 
inve>:ii:a::« 11 *•{ tlu- uTnlergrouivl waters <»f I'-Minecticut. 

.\ :'.T'"i:rai:.io !^:rip -'i :\\- c- imtry adjacent t-' the Rands- 
burg and I' hanne-sbnrg d:-trict< of ( 'alif- 'rnia will soon be 
i5sue<l. T:x- 'ii-^irict i> a 'leseri area. an«l it- mineral wealth 
c«:n<ists "f g- -M. 

Ilydp.!' '^ric wi -rk c<.'n-i<:ing <•( tlu- inve-tiLrati'-n of under- 
gp.'und wa:er-. iias recently lu-en lu^^un in Miclrigan. Mr. W. 
F. C'-'per, w. rkincr ''nd..r the <'im rvi>i- n "f Dv. .\. C. Lane, 
state L:e'-l"Lr>T. I'.a- charge t" f i\w w< rk. 
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Messrs. G. F. Becker, S. F. Elmmons, and C. R. Van Hise 
have been appointed delegates to the International Congress 
of Geologists at Vienna. 

Dr. Arthur C. Spencer is to spend the present field season 
in Alaska, investigating the geolog}^ of Douglas island and 
making a special study of the ore deposits of the Treadwell 
mine. 

American Institute of Mining Engineers. The meet- 
ing of tiie Institute arranged for July in British Columbia, with 
an excursion to Alaska, will not be held. 

The library of the Institute, located at the secretary's office, 
No. 99 John street, New York City, comprises about 10,000 
volumes, having been recently enriched by the deposit of the 
books of R. W. Raymond and of the libraries of the late Clar- 
ence King and R. P. Rothwell. These volumes, combined with 
the large list of technical papers and government reports owned 
by the Institute, make a very valuable collection of literature 
on geology, mining, metallurgy and the allied arts. It is felt 
that the library, already possessing such a fine nucleus, should 
be made a complete reference library for the profession, and 
with that end in view it is proposed to raise a fund of $25,000 
for the acquisition of additional books and for proper cata- 
loguing. If a sufficient amount is raised, it will be possible to 
publish and forward to members of the Institute a complete 
classified index of the library and to engage a librarian compe- 
tent to hunt up and abstract reports for members. This will 
be of special service to engineers remote from libraries. The 
important libraries of the late Clarence King and R. P. Roth- 
well, above mentioned, have been secured through the generos- 
ity of Mr. John Hays Hammond, and at his request will be 
known as the "Ravmond memorial library.'' 

Wisconsin Gizological and Natural History Survey. 

The geological work of the survey for the coming summer 
will be along the followii'ig lines: 

1. Dr. Sanniel Weidman, assisted by Mr. W. D. Smith of 
the l^niversity of Wisconsin, is to spend the earlier part of the 
season in a study of the district about Baraboo where recent 
developments have shown the existence of deposits of hematite 
in a slate or iron-bearing fonnation which overlies the Baraboo 
quartzite. 

2. Later in the season Messrs. Weidman and Smith will 
return to the area of crystalline rocks in the north-central part 
of the state (vicinity of Wausau) with the expectation of com- 
pleting the work in this district for a reix)rt on the general 
geology and also on the glacial features. 

3. Professor IJ. S. Grant of Northwestern University will 
continue work in the lead and zinc district of the southwestern 
corner of the state, a preliminary report on which has just been 
published (Bulletin No. IX). He will be assisted by Messrs. 
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\\, K. Uurchard. \\. \\. Ellis and M. J. Perdue, of Northwestern 
rniversity. and \\. T. llanccKk, of the University of Wisconsin. 
Unrinj;: the summer it is expected that detailed large scale 
ti>|H>jjra|>luc and j^tH>K>j^ic maps will be made of some of the 
more impi>rtant mininj^ centers. 

4. Investijxations on the clays of the state will also be car- 
ried i>n. A rejH^rt on hij^hway construction in the state (Bul- 
letin No. X"! written by Dr. K. R. Buckley, now state geolo- 
gist of Missouri, has Invn recently published. 

fllK iNrKRNATlONAL Cl^Nr.RESS OF GEOLOGISTS will hold 

its ninth sessiini. Aug*. 20 to J7th. ux)3. inclusive, in the city 
of \ iemia. The executive committee has chosen Mr. Max 
V. (Juimann, professor of mines at \'ienna, as treasurer in 
place of Mr. b\ Karrer, resigned. 

rite memln^rship being limited the committee appeals to 
geologists and v^thers, in every land, who are especially inter- 
ested in ij^H^KHrical subjects ii> attend the sessions so far as 
|H^s>ible. 

rhe membership t\*c for this session has lieen fixed at 
iwetity-one francs. This sum should 1h? sent 10 professor Max 
vvM» Ciutmann. Katugusse. X'iemia, Austria. Those desiring 
tv^ take lurt in the i.\^\gress. who shall have sent the registra- 
lion t\v will r^wive a certiticaie of membership and. later, the 
publishevl tnuts;ict»ons v^^f the session. 

In nukinj> the prv^gram the committee has consukevi lead- 
it^g scientisrs iit Kurv^pe auvi America and believe that the pa- 
|H*rs and the vliscussivMis thertvn will mvxiify some current ideas 
u|\ni the i:r\wt prv^Men:s of ge\^'ogicaI science. 

: .:v. -.^^^ ^\>\ — lite OvHiirr.ittec otters s<H::e fourteen diiterent 
exoirrsiv'i^s :o take i>!ace either precevlini: or irttmeviiatc'v fol- 



L<.n\!i*ig :.*c session. Fach of the:>^' wil! be imv!er the gttidance 
of a •\ :v\l >ixvia*i<! 



it: the r:eA: choser.. 
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Professor Horace L. Wells^ Yale University, chemist ; Profes- 
sor Edward L. Mark, Harvard University, biologist. 

Below is the list of papers read : 

*'An estimate of the weight of the skeleton in the Sauro- 
poda, or in the Sauropodous Dinosaurs," Henry F. Osborn; 
"New characters of the skulls of Carnivorous and Herbivor- 
ous Dinosaurs," Henry F. Osborn; ^'Models illustrating the 
evolution of the Amblypoda, also of the Dinosaur Diplodocus, 
together with the theory as to the habits of the Sauropoda," 
Henry F. Osborn ; ** Radioactivity of Thorium minerals," Geo. 

F. Barker; "The Law of Catalysis in concentrated solutions," 
J. M. Crafts; "The standardization of thermometric measure- 
ments," J. M. Crafts; The Rumford Spectroheliograph of the 
Yerkes Observatory," George E. Hale; "The determination of 
standard right-ascensions free from the personal equation for 
star-magnitude" (with stereopticon illustrations), Lewis Boss; 
"On the semi-diurnal tide of the northern part of the Indian 
ocean," R. A. Harris, introduced by Cleveland Abbe; "The 
melting point of a simple glass," Arthur L. Day, introduced by 

G. F. Becker; Biographical memoir of J. E. Holbrook," The- 
odore Gill ; "Biographical memoir of Matthew Carey Lea," 
George F. Barker; "Biographical memoir of Clarence King," 
S. F. Emmons; "Biographical memoir of A. A. Gould," Jeff- 
ries Wyman, read by W. H. Dall ; "Biographical memoir of 
James E. Keeler," Charles S. Hastings; "The diffusion of va- 
por into nucleated air," Carl Barus; "Biographical memoir of 
Theodore Lyman," H. P. Bowditch ; "The nomenclature of the 
topography of the bottom of the oceans," Alexander Agassiz. 

Geological Society of Washington. At the meeting of 
May 6th the following* program was presented: "Correlation 
of the Potomac Formation in Maryland and Virginia," Lester 
F. Ward; "Pocono Rocks in the Allegheny Valley," M. R. 
Campbell ; "Age of the Mercer Group," David White. The 
special meeting of May 13th, 1903, was devoted to a considera- 
tion of "The Quantitative Classification of Igneous Rocks," 
continuing the discussion of the papers presented at the 140th 
meeting. An abstract of Dr. Mathews* paper is here given, 
which served as a basis for this discussion. 

Abstract of Dr. £. B. Mathews Criticism of the Quantitative 

Classification of Igneous Rocks. 

L Strong points of the classification. 

I. Simplicity of the basal conceptions. There is no diffi- 
culty in grasping the basal conceptions which are applied with 
uniformity, and the rules for computation may be followed 
without the introduction of personal equation. 

2. Sharpness of definition. The quantitative character of 
the classification produces sharpness in definition, leaves no ex- 
cuse? for ambiguity, and enforces exact use of terms. The 
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system is expansive for increasing refinement and yet the num- 
ber of tenns for a given rank or division is limited. 

3. Nomenclature. This is particularly strong in such terras 
as salic, femic, etc., and in the mnemonic terminations indicat- 
ing classes, ranks, etc. 

4. Suggestive of new lines of investigation, Th'j new 
grouping will stimulate a study of the model variations of a 
given form. It forces home the chemical composition and its 
mincralogical expression and emphasizes the complementary 
roles of rock-forming minerals. It will develop more careful 
descriptive work. 

II. Weak points in the classiHcation. 

1. Nomenclature. There is little connection between the 
field terms proposed and those of the new classification and 
they are based in some degree on different principles. The 
roots chosen, while adaptable to the specialists of today, have 
little or no meaning or arrangement for the new student or lay- 
man in petrography. 

2. Subordination of texture. The new classification lays 
too little stress on the textures, which arc easily recognizable. 

3. Previous literature is rendered unavailable for a number 
of years until it has been thoroughly reworked and rephrased. 

4. Chemical analyses. 

(a) Little can be told with certainty regarding the classifi- 
cator\' position from an inscription of a cheniical anali'sis and 
no rock is surely placed without going through the entire com- 
putation. 

(b) The increased refinement in the discrimination between 
bulk analyses surpasses the abiiily to discriminate types in the 
field. This leads possibly to incorrect geological and petro- 
graphical interpretations of rock bodies. 

(c) The great expense involved in chemical analyses is like- 
ly to limit petrography to members of official organizations and 
men of means or leisure. The average petrograpliical worker 
of toda>' among teachers can not command numerous high- 
clas.s silicate analyses. (The ui^e of slides removes in great 
measure this criticism.! 

5. The five-fold division vitiates the underlying principle 
of the classification in that the rock may be classified on 37.6 
of the contents disregarding 62.4 of the same. This difficulty 
is most manifest in the Salfenianes although the rocks known 
introfluce few major difficulties. 

III. Conclusion. 

The new classification will not in itself supplant the present 
nomenclature, but will furnish a means of expressing concisely 
the chemical position of a givLT rock in much the .^inm' wax 
as the scientific nomenclature of botany is relate^ in llic j 
ent popular terms. 
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